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  إل.. ...مُ إل اإللَّبذيْ نِ  كاك إل  ددرسةً  ل اإلبذنِ  اإلددِّ  اإلعكءنِ  اإ لدنِ  اإ مُلكلدرنِ 
 ى  ثذقسجَ عزلٍَّر لا ذفاجَل راكؤمُهك  داذسجَ  لٍد لا ذلذا اإللَّبذيْ نِ لجَ لع إل     ذك نِ نِ جَ 
 إلى أبي وأمِّي....  ل كؤمُهك
  إل اإلَّبذ جَ إ .... إل اإلَّبذ جَ انققمُ     افكرنِ نِ  علذدجَ اإ مُؤازدرنِ  دذيجَ اإل  نِ  اإلتّ ذذدنِ 
   لديْ  ل عذ انِ نِ  غذدجَ  ا ادنِ  دحٍس  ل هلنِ ٍس ل ك  رلل إقعفنِ ث كدنِهنِ    لرلك نِ 
اإ رلقلذنِ اإلكرعنِ لاكحجَ همُ إذعذدجَ لل  إل ق تّسنِ اإ لدنِ  بد رنِ  
 إلى إخوتي وأَخواِتي ....اإلزتّرنِ 
  إل  درك نِ غكدرنِ اإلل نِ  دمُ كرنِ اإحجَ دجَقنِ .... إل قاكدذذنِ اإلل نِ   لكلذينِ اإ لد سنِ  اإثتّقك سنِ 
  إل اإلَّبذ جَ ذلقمُلمُ   إل ع نِ لكإلل نِ رمُذمُ  ةًك لا لجَالمُ   ذمُريْدنِلمُ  جَ  جَحلنِ اجَسةً لا.... ل رداذجَكه







of Mixed Nonionic Surfactant Systems 
 
By  
Wail Damin Al-Sayyd Salah Al-Diyn 




Dr. Monzer Fanun 
 
A THESIS 
Submitted in Partial fulfillment of requirements for the degree of  
Master of Applied & Industrial Technology 
Department of Chemistry & Chemical Technology 






Deanship of Graduate Studies 





















Program for Postgraduate Studies in Applied and Industrial Technology 
Faculty of Science and Technology 
Department of Chemistry & Chemical Technology 





of Mixed Nonionic Surfactant Systems  
 
Student Name: Wail Damin Al-Sayyd Salah Al-Diyn 
Registration No: 9810955 
Supervisor: Dr. Monzer Fanun 
 
 
Master thesis submitted and accepted, Date:  22/5/2005  
The names and signatures of the examining committee members are as 
follows:        
 
1. Dr. Monzer Fanun/ Supervisor                                
Signature…..………....... 
2. Dr. Alfred Aded Rabbo/ External Examiner             Signature………............. 









I certify that this thesis submitted for the degree of Master is the results 
of my own research, except where otherwise acknowledged, and that this 



















I would like first of all to express my deep gratitude to my supervisor Dr. 
Monzer Fanun for his special concern and tremendous efforts on my 
experiments and analysis that I respect and admire the most. 
 
 I would also like to thank the Department of Chemistry at Al-Quds 
University for their help and advice through this work. 
 
I also like to thank Bierzeit Pharmaceutical Co. for its helping to supply 
me with the needed materials for this work. In addition to my great 
thanks and appreciation for the helping that I received from Hebrew 
University which enable me to get the best characterization and results 
analysis. 
 
Finely, but by no means least, I wish to thank all of my friends and 
colleagues for the support and encouragement they generously provided 






This study aims to examine the effect of temperature, co-surfactant 
content, mixed surfactant content and oil content on the phase behavior of 
mixed nonionic surfactant system with vegetable oils. 
The systems studied are: Water/ Surfactants/ Co-surfactants/ Oil or 
Water/ mixed surfactants/ Oil. The surfactants used in this study are sucrose 
esters; sucrose monolourate (L1695) and sucrose monostearate (S1570) beside 
ethoxylated mono diglycerides (EMDG) which are nonionic surfactants 
varying in their structure and hydrophilicity. The head group of the sucrose 
esters is sucrose, and the lipophilic tail is the ester of fatty acids. In the case of 
EMDG, the head group is the result of the ethoxylation of 20 moles of 
ethylene oxide per one mole of a mixture of stearate and palmitate esters of 
glycerin. 
  The co-surfactants used are food, cosmetic and pharmaceutical grade 
short chain alcohol (ethanol) and its substitute 1, 2-propandiol (propylene 
glycol, (PG)) which is one of the least hydrophilic simple polyols that are 
soluble in water but practically insoluble in the oil phase. 
 The oils used are: R (+)-limonene, Isopropylmyristate (IPM) and caprylic- 
capric triglyceride (MCT).  
 The mono terpene hydrocarbon (R (+)-limonene), the major constituent of 
citrus essential oils, is often used in food, cosmetic, and coating materials. R 
(+)-limonene is essentially insoluble in water, IPM is a straight chain oil used 
in many pharmaceutical formulations owing its compatibility with biological 
systems and is expected to be environment friendly. 
 Medium chain triglyceride (MCT) is fully saturated and stable to 
oxidation and used in many foods, cosmetic and pharmaceutical 
formulations. 
 ix 
In the system: Water/ L1695/ PG/ Oil, R (+)-limonene was not able to 
form three-phase region over all of the range of temperatures studied or 
mixed surfactant and co-surfactant contents when the  waterOilOil  , weight 
ratio was constant (   ) = 50 wt% only one or two-phase region were formed. 
For  1695LPGPG  , weight ratio (   ) = 25 wt% the minimum amount of 
surfactant and co-surfactant needed to form the one phase region is   min  = 50 
wt% and the temperature at which this one phase region was formed is 55˚C. 
This  min increases as   increases. IPM and MCT formed three-phase region, 
beside the one and two-phase regions formed. The efficiency (  ) of the mixed 
surfactant and co-surfactant increases from 50 to 65 wt%, as   increases in the 
case of IPM and decreases from 60 to 45 wt% as   increases in the case of 
MCT. The phase inversion temperature  (PIT) increases from 82 to 92˚C as   
increases in the case of IPM and decreases from 91 to 87.5 ˚C as   increases in 
the case of MCT. 
 In the system: Water/ S1570/ PG/ Oil, no three-phase formation with R(+)-
limonene and IPM only one or two-phase region were formed, while in the 
case of MCT the three-phase was formed over all of the range of    studied. 
 Using the system: Water/ EMDG/ PG/ Oil, no three-phase formation for   
values ≥ 25 wt% with IPM and MCT. In the case of R (+)-limonene, the three-
phase is formed for    values ≥ 75 wt%. 
 While in the case of the system: Water/ L1695/ EMDG/ Oil , three-phase is 
formed for the three oils when   values ≥ 25 wt%,    increases as   increases 
in the presence of R (+)-limonene and decreases in the case of IPM or MCT. 
The   increases as    increases in the case of R (+)-limonene and decreases in 
the case of IPM and MCT. 
 In the system: Water/ S1570/ EMDG/ Oil, no three-phase formation in the 
case of R(+)-limonene, only one-phase region beside the two-phase region. In 
 x 
the case of IPM, the three-phase region is formed when   values ≥ 75 wt% 
and in MCT, the three-phase is formed in the whole range of   studied. 
 In the pseudo-ternary phase behavior at constant T, the systems:  Water/ 
L1695/ EMDG/ Oil + EtOH, were studied. The oils were R (+)-limonene and 
IPM, and the weight ratio of EMDGL1695  was varied from 1 to 1/3, and the 
weight ratio of EtOHOil  was 1 in the case where EtOH was present in the 
system. 
 The solubilization parameters calculated were the maximum amount of 
solubilized water (Wm) and total area of the one-phase region (AT). The 
system: Water/ L1695 + EMDG (1/1)/ EtOH + R (+)-limonene (1/1), gave the 
maximum amount of Wm = 100 wt% in the presence and absence of EtOH, the 
AT in the presence of EtOH was 74.2 % and in its absence was 61.6%. 
 Another objective of this study is to elucidate the microstructure of the 
one-phase region which was formed. This was done by using electrical 
conductivity and self-diffusion NMR techniques. The systems studied by 
electrical conductivity were: Water/ L1695/ EMDG/ Oil where   and   (wt %), 
were constant equal 50 and 31 wt%, respectively.   (wt %) and T were 
varied. 
 The oils were R (+)-limonene and IPM. The electrical conductivity ( ) of 
the system containing R (+)-limonene varies from 1.8   10-3 S/cm at   = 10 
wt% to 4.7   10-6 S/cm at    = 90 wt%, While in the case of IPM    varies from 
4.26   10-3 S/cm at   = 10 wt% to 1.26 10-4 S/cm at   = 90 wt% and varies 
linearly with temperature. 
 The system containing IPM was investigated using self-diffusion NMR, 
and was found that the relative self-diffusion coefficient of water and oil 
varies as    varies. It decreases from 0.83 to 0.1 in the case of water, and from 
0.001 to 0.36 in the case of oil when   values 10 and 85 wt%. 
 xi 
The hydrodynamic radius ( HR ) was calculated at 90 wt% water and 
was equal to 7.3 nm and the area ( a ) per polar head group was estimated at 
75
2A . 
A third objective explored in this study was the solubilization of 
pharmaceutical active ingredients, sodium diclofenac in model 
microemulsion systems studied in this work which were: Water/ L1695/ EMDG/ 
EtOH + Oil. 
The solubilization capacity in the microemulsion systems passes, 
through a maximum at   = 61.5 wt% in the systems: water/ L1695/ EMDG/ Oil 
for the two oils studied (R (+)-limonene, and IPM). 
In the case where ethanol is present in the system: Water/ L1695/ EMDG/ 
Oil+ EtOH (1/1), the maximum solubilization capacity passes through a 
maximum at   = 23 wt%. If we suppose that ethanol is present only in the oil 
phase, then the   where is the maximum solubilization occurs, equals 37.5 
wt%. 














  :هلخص البحث
 
 ,ٍٗسبػذاد خ٘افط اىز٘رش اىسطحٜ , اىحشاسححصٞش دسطأ اىٚ اخزجبس ٗقٞبط دحرٖذف ٕزٓ اىذساط
ّظَخ ٍنّ٘خ ٍِ صٝ٘د ّجبرٞخ أصٞش اىضٝذ ػيٚ ٍظٖش ٗسي٘ك أٗمزىل د ,غ ػذد ٍِ خ٘افط اىز٘رش اىسطحٜىٜٗخ
. ّٝ٘ٞخأٗخ٘افط ر٘رش سطحٜ لا
 
ٍسبػذاد خ٘افط اىز٘رش / خ٘افط ر٘رش سطحٜ/ ٍبء :  ٕٜ اٍبح اىزٜ رْبٗىزٖب ٕزٓ اىذساطحالأّظٌ
خ٘افط اىز٘رش اىسطحٜ اىَسزخذٍٔ فٜ . صٝذ/ خيٞػ ٍِ خ٘افط اىز٘رش اىسطحٜ / ٍبء : أٗ ,صٝذ/ اىسطحٜ
ٗ , )0751S(سنشٗص أحبدٛ اىسزٞشٝذ , )5961Lسنشٗص أحبدٛ اىي٘سٝذ (سنشٗص اسزش : ٕزٓ اىذساسخ ٕٜ
ٗرؼزجش ٕزٓ اىَ٘اد خ٘افط ر٘رش سطحٜ لاأّٝ٘ٞٔ رخزيف فَٞب , )GDME(اص٘مسٞلارذ احبدٛ ٗصْبئٜ اىجيٞسشٝذ 
ٗاىزّت , سأط اىَجَ٘ػخ فٜ اىسنشٗص اسزش ٕ٘ اىسنشٗص. ثْٖٞب ثزشمٞجٖب اىجْبئٜ ٍٗذٙ قبثيٞزٖب ىيزٗثبُ فٜ اىَبء
 )noitalyxohtE( الاص٘مسٞلاشِّزبطGDMEسأط اىَجَ٘ػخ فٜ . اىذْٕٜ ٕ٘ اسزش الاحَبض اىذْٕٞخ
.  ٍ٘ه ٍِ امسٞذ الاصٞيِٞ ىنو ٍ٘ه ٍِ خيٞػ الاسزٞشٝذ ٗاىجبىَٞزٞذ اسزش ىيجيٞسشِٝىؼششِٝ
 
ٍسبػذاد خ٘افط اىز٘رش اىسطحٜ اىَسزخذٍخ فٜ ٕزٓ اىذساسخ رذخو فٜ ٍجبلاد اىغزاء ٍٗ٘اد اىزجَٞو 
 ) GP(أٗ ثذٝو ػْٖب ٍضو ثشٗثيِٞ جلاٝن٘ه  )الاٝضبّ٘ه  (ٕٜٗ حيقخ صغٞشح ٍِ اىنح٘ه , ٗاىصْبػبد اىذٗائٞخ
. ىنْٔ ػَيٞب غٞش قبثو ىيزٗثبُ فٜ اىضٝذ, اىزٛ ٝزَٞض ثسٖ٘ىخ رٗثبّٔ فٜ اىَبء
  
الأٝضٗثشٗثٞو , enenomil-)+(R((اىيَِّٞ٘ٞ: اىضٝ٘د اىَسزخذٍخ ٗ اىزٜ رْبٗىزٖب ٕزٓ اىذساسخ ٕٜ
رؼزجش اىضٝ٘د اىؼطشٝخ أحبدٝخ اىٖبٝذسٗمشثُ٘ . ))TCM مبثشك صلاصٜ اىجيٞسشٝذ-ٗاىنبثشٝيل, MPI((ٍشٝسزٞذ
ٗاىزٜ رسزخذً , )surtiC(ٍِ اىَنّ٘بد اىشئٞسٞخ ىيضٝ٘د الاسبسٞخ فٜ اىيَُٞ٘  ))enenomil-)+(Rٍْٖٗب 
اه .  غٞش قبثو ىيزٗثبُ فٜ اىَبء)enenomil-)+(R(ٗاه, احٞبّب فٜ اىطؼبً ٍٗ٘اد اىزجَٞو ٍٗ٘اد اىزغيٞف
ٕ٘ صٝذ خطٜ اىجْبء ٗٝسزخذً فٜ مضٞش ٍِ اىصْبػبد اىذٗائٞخ ثسجت مّ٘ٔ َٝزيل خبصٞخ اىز٘افق ٍغ  ))MPI
ٕ٘ صٝذ ٍز٘سػ اىجْبء  )TCM(صلاصٜ اىجيٞسشٝذ. ٗٝؼزجش أٝعب ًٍِ اىَ٘اد غٞش اىعبسح ثبىجٞئخ, اىْظبً اىجٞ٘ى٘جٜ
ٗٝسزخذً فٜ مضٞش ٍِ ٍجبلاد اىطؼبً , ٍشجغ ٗ ػَيٞخ الامسذح ثبىْسجخ اىٞٔ ٍسزقشح أٗ صبثزخ, )ٍٗزشؼت (اىجضٝئٜ 
  .ٍٗ٘اد اىزجَٞو ٗصْبػخ الادٗٝخ
 
   ىٌ enenomil-)+(Rٗجذ أُ , صٝذ/ ثشٗثيِٞ جلاٝن٘ه / 5961L/ ٍبء : ػْذ اخزجبس ّظبً ٍنُ٘ ٍِ
غجقخ ٍبء ٗجضء ٍِ خبفط اىز٘رش اىسطحٜ ٍزاة فٞٔ (ٝنِ قبدسا ًػيٚ رنِ٘ٝ ٍْطقخ رحز٘ٛ ػيٚ صلاس غجقبد
ٗغجقخ صٝذ ٗجضء ٍِ خبفط اىز٘رش اىسطحٜ ٍزاة فٞٔ ٗاىطجقخ اىضبىضخ ٍنّ٘ٔ ٍِ خ٘افط اىز٘رش اىزٜ ىٌ رزة 
حزٚ ث٘ج٘د خيٞػ ٍِ خ٘افط اىز٘رش اىسطحٜ ٍٗسبػذارٔ فٜ أٛ ٍِ دسجبد اىحشاسح  )فٜ اىضٝذ ٗلا فٜ اىَبء
 iiix 
فقػ اسزطبع , ٍِ ّسجخ اى٘صُ اىنيٜ% 05 اىضٝذ ٗاىَبء صبثزخ ٗرسبٗٛ إىٚػْذٍب مبّذ ّسجخ اىضٝذ , اىَذسٗسخ
 ))noislumeorciM(ٍْطقخ اىَسزحيجبد اىجضٝئٞخ اىذقٞقخ(اىيَِّٞ٘ٞ رشنٞو ٍْطقخ ٍنّ٘خ ٍِ غجقخ ٗاحذح 
ٍنّ٘ٔ ٍِ خ٘افط اىز٘رش اىسطحٜ اىَزاثخ فٜ اىَبء ٗغجقخ ٍنّ٘ٔ ٍِ اىضٝذ ى٘حذٓ  (ٍْٗطقخ ٍنّ٘ٔ ٍِ غجقزبُ 
ػْذٍب مبّذ ّسجخ ٗصُ  . )أٗ خ٘افط ر٘رش سطحٜ ٍزاثخ فٜ اىضٝذ ٗغجقخ أخشٙ ٍنّ٘ٔ ٍِ اىَبء ى٘حذٓ
اسزطبػذ أقو , ٍِ ّسجخ ٗصَّٖب% 52رسبٗٛ   5961Lاىجشٗثيِٞ جلاٝن٘ه اىٚ خيٞػ ٍِ اىجشٗثيِٞ جلاٝن٘ه ٍغ
ٍِ ّسجخ اى٘صُ ٍِ رنِ٘ٝ ٍْطقخ رشزَو ػيٚ غجقخ ٗاحذح ٗمبّذ دسجخ اىحشاسح ػْذٕب % 05مَٞخ ٍْٖب ٕٜٗ 
.  دسجخ ٍئ٘ٝخ فٜ حِٞ أُ ٕزٓ اىْسجخ رضداد ثبصدٝبد ّسجخ اىجشٗثيِٞ جلاٝن٘ه55رسبٗٛ 
 
 فبّٔ رشنيذ ٍْطقخ رحز٘ٛ ػيٚ صلاس غجقبد اىٚ جبّت رشنو ٍْبغق TCM ٗاهMPIأٍب ثبىْسجخ ه 
ٍِ ّسجخ % 56 اىٚ 05فبػيٞخ خيٞػ خ٘افط اىز٘رش اىسطحٜ ٍٗسبػذارٖب اصدادد ٍِ . ٍنّ٘خ ٍِ غجقخ ٗغجقزِٞ
ٍِ ّسجٔ % 54 اىٚ 06 ٗرْخفط ٍِ , MPIػْذ اسزخذاً صٝذ  اى٘صُ ٍٗغ اصدٝبد ّسجخ اىجشٗثيِٞ جلاٝن٘ه
ّلاحظ أّٔ ٍغ  MPIػْذ اسزخذاً صٝذ اه .  TCMاى٘صُ ثبصدٝبد ّسجخ اىجشٗثيِٞ جلاٝن٘ه ػْذ اسزخذاً صٝذ
ٍِ ٍشحيخ (صٝبدح ّسجخ ٗصُ اىجشٗثيِٞ جلاٝن٘ه فبُ دسجخ اىحشاسح اىزٜ رحذس ػْذٕب ػَيٞخ الاّزقبه ٗالاّقلاة 
 noisrevni esahp(رٗثبُ خبفط اىز٘رش اىسطحٜ ٍٗسبػذارٔ فٜ اىَبء اىٚ رٗثبَّٖب فٜ اىضٝذ
 دسجخ 5.78 اىٚ 19 دسجخ ٍئ٘ٝخ ٕٗزٓ اىقَٞخ رْخفط ٍِ 29 اىٚ 28رضداد ٍِ  ) ))TIPT(erutarepmet
. TCMٍئ٘ٝخ ارا مبُ اىضٝذ اىَسزخذً 
 
ٗجذ أّ   ىٌ ٝنِ ثبٍنبُ أٛ ٍِ , صٝذ/ ثشٗثيِٞ جلاٝن٘ه  / 0751S/ ٍبء : ػْذ اخزجبس ّظبً ٍنُ٘ ٍِ
ثَْٞب اسزطبػذ ٕزٓ اىضٝ٘د ,  ٍِ رنِ٘ٝ ٍْطقخ رحز٘ٛ ػيٚ صلاس غجقبد)MPI ,enenomil-)+(R(اىضٝ٘د
 رنِ٘ٝ ٍْطقخ رحز٘ٛ ػيٚ صلاس غجقبد  TCMفٜ حِٞ اسزطبع صٝذ, رنِ٘ٝ ٍْبغق رحز٘ٛ ػيٚ غجقخ ٗغجقزِٞ
. ػْذ جَٞغ ّست اىجشٗثيِٞ جلاٝن٘ه اىَذسٗسخ
 
ػْذٍب مبّذ اىضٝ٘د , صٝذ/ ثشٗثيِٞ جلاٝن٘ه  / GDME/ ٍبء: ثبسزخذاً ّظبً ٍنُ٘ ٍِ
 ىٌ رزنُ٘ ٍْطقخ رحز٘ٛ ػيٚ صلاس غجقبد ػْذٍب مبّذ ّسجخ اىجشٗثيِٞ جلاٝن٘ه أمجش MPI ٗ TCMاىَسزخذٍخ
 رنّ٘ذ ٍْطقخ رحز٘ٛ ػيٚ صلاس  enenomil-)+(R ىنِ ػْذ اسزخذاً صٝذ,ٍِ ّسجخ اى٘صُ% 52أٗ رسبٗٛ 
. ٍِ ّسجخ اى٘صُ% 57غجقبد ػْذٍب مبّذ ّسجخ اىجشٗثيِٞ جلاٝن٘ه امجش اٗ رسبٗٛ 
 
رنّ٘ذ ٍْطقخ ٍِ صلاس غجقبد ػْذٍب مبّذ , صٝذ / GDME/ 5961L/ٍبء: ثبسزخذاً ّظبً ٍنُ٘ ٍِ
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رنُ٘ فٞٔ أمجش ّسجخ رزٗٝت ػْذٍب رنُ٘ , MPI ٗenenomil-)+(R حٞش اُ اىضٝذ اىَسزخذً ْٕب ٕ٘  ,صٝذ/ 
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45 Fig.4.6: Phase behavior of the System: Water/L1695 / Oil as a function of 
  (wt%) and temperature  at constant  WaterOilOil   
weight ratio   = 50 (wt%). 
 
47 Fig.4.7: Phase behavior of the System: Water/ S1570 / Oil as a function 
of   (wt %) and temperature at constant  WaterOilOil   
weight ratio,   = 50 (wt %). 
 
49 Fig.4.8: Phase behavior of the System: Water/ EMDG/ Oil as a 
function of   (wt %) and temperature at constant 
 WaterOilOil   weight ratio,   = 50 (wt %) 
. 
50 Fig.4.9: Phase behavior of the System: Water/ PG/ Oil as a function of 
  (wt %) and temperature at constant  WaterOilOil   
weight ratio,   = 50 (wt %). 
 
52 Fig.4.10: Phase behavior of the System: Water/ L1695/ PG/ R(+)-
Limonene as a function of  ,   (wt%) and temperature  at 
constant  WaterOilOil   weight ratio,   = 50 (wt%). 
 
54 Fig.4.11: Phase diagram for the system: Water/ L1695/ PG/ R (+)-
Limonene at constant temperature (T = 50˚C (A) and 80˚C (B)) 
as a function of    and   (wt%). The  WaterOilOil   weight 
ratio,   = 50 (wt %). 
 
56 Fig.4.12: Phase behavior of the System: Water/ S1570/ PG/ R (+)-
Limonene as a function of  (wt%),   (wt%) and temperature  
at constant  WaterOilOil   weight ratio,   = 50 (wt%). 
 
58 Fig.4.13: Vertical section through the phase prism for the system: 
Water/ S1570/ PG/ R (+)-Limonene at constant surfactant 
concentration ( ) equals 20 wt% and constant PG weight 
content in the mixture of surfactant ( ) and equals 0 wt% 
and 25 wt% as a function of temperature and 
 WaterOilOil   weight ratio,   (wt %). 
 
59 Fig.4.14: Phase diagram for the system: Water/ S1570/ PG/ R (+)-
Limonene at constant temperature (T = 60˚C) as a function of 




61 Fig.4.15: Phase behavior of the System: Water/ EMDG/ PG/ R (+)-
Limonene as a function of ,   (wt %) and temperature at 
constant  WaterOilOil   weight ratio,   = 50 (wt%). 
 
62 Fig.4.16: Phase diagram for the system: Water/ L1695/ EMDG/ IPM at 
constant temperature (T = 72.5˚C) as a function of   and   
(wt %). The  WaterOilOil   weight ratio,   = 50 (wt %). 
 
64 Fig.4.17: Phase behavior of the System: Water/ L1695/ PG/ IPM as a 
function of  ,   (wt%) and temperature at 
constant  WaterOilOil   weight ratio,   = 50 (wt%). 
 
66 Fig.4.18: Vertical section through the phase prism for the system: 
Water/ L1695/ PG/ IPM at constant surfactant concentration ( ) 
equals 26 wt% and 35.5 wt% and constant PG weight content 
in the mixture of surfactant ( ) and equals 0 wt% and 25 
wt% as a function of temperature and  WaterOilOil   
weight ratio,   (wt %). 
 
68 Fig.4.19: Phase diagram for the system: Water/ L1695/ PG/ IPM at 
constant temperature (T = 80˚C (A) and 85˚C (B)) as a 
function of   and   (wt %). The  WaterOilOil   weight 
ratio,   = 50 (wt %). 
 
70 Fig.4.20: Phase behavior of the System: Water/ S1570/ PG/ IPM as a 
function of  ,   (wt%) and temperature  at constant 
 WaterOilOil   weight ratio,   = 50 (wt%). 
 
72 Fig.4.21: Vertical section through the phase prism for the system: 
Water/ S1570/ PG/ IPM at constant surfactant concentration ( ) 
equals 31 wt% and 26 wt% and constant PG weight content 
in the mixture of surfactant ( ) and equals 0 wt% and 25 
wt% as a function of temperature and  WaterOilOil   
weight ratio,   (wt%). 
 
73 Fig.4.22: Phase diagram for the system: Water/ S1570/ PG/ IPM at 
constant temperature (T = 70˚C) as a function of,   and   
(wt%). The  WaterOilOil   weight ratio,   = 50 (wt %). 
 
75 
Fig.4.23: Phase behavior of the System: Water/ EMDG/ PG/ IPM as a 
function of  ,   (wt%) and temperature  at constant 
 xxix 
 WaterOilOil   weight ratio,   = 50 (wt%). 
 
76 Fig.4.24: Phase diagram for the system: Water/ EMDG/ PG/ IPM at 
constant temperature (T = 87˚C) as a function of   and   
(wt%). The  WaterOilOil   weight ratio,   = 50 (wt %). 
 
77 Fig.4.25: Phase behavior of the System: Water/ L1695/ PG/ MCT as a 
function of  ,   (wt%) and temperature  at constant 
 WaterOilOil   weight ratio,   = 50 (wt%). 
 
79 Fig.4.26: Phase diagram for the system: Water/ L1695/ PG/ MCT at 
constant temperature (T = 90˚C) as a function of   and 
 (wt%). The  WaterOilOil   weight ratio,   = 50 (wt %). 
 
81 Fig.4.27:  Phase behavior of the System: Water/ S1570/ PG/ MCT as a 
function of  ,   (wt%) and temperature at constant 
 WaterOilOil   weight ratio,   = 50 (wt%). 
 
83 Fig. 4.28: Vertical section through the phase prism for the system: 
Water/ S1570/ PG/ MCT at constant surfactant concentration 
( ) equals 35.5 wt% and constant PG weight content in the 
mixture of surfactant ( ) and equals 25 wt% as a function of 
temperature and  WaterOilOil   weight ratio,   (wt %). 
 
83 Fig.4.29: Phase diagram for the system: Water/ S1570/ PG/ MCT at 
constant temperature (T = 85˚C) as a function of   and   
(wt%). The  WaterOilOil    weight ratio,   = 50 (wt %). 
 
85 Fig.4.30: Phase behavior of the System: Water/ EMDG/ PG/ MCT as a 
function of  ,   (wt%) and temperature  at constant 
 WaterOilOil   weight ratio,   = 50 (wt%). 
 
86 Fig.4.31: Phase diagram for the system: Water/ EMDG/ PG/ MCT at 
constant temperature (T = 60˚C) as a function of   and   
(wt%). The  WaterOilOil   weight ratio,   = 50 (wt %). 
 
88 Fig.4.32: Phase behavior of the System: Water/ L1695/ EMDG/ R (+)-
Limonene as a function of  ,   (wt%) and temperature  at 
constant  WaterOilOil   weight ratio,   = 50 (wt%). 
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90 Fig.4.33: Vertical section through the phase prism for the system: 
Water/ L1695/ EMDG/ R (+)-Limonene at constant surfactant 
concentration ( ) equals 26 wt% and 31 wt% and constant 
EMDG weight content in the mixture of surfactant ( ) and 
equals 25 wt% and 50 wt% as a function of temperature and 
 WaterOilOil   weight ratio,   (wt %). 
 
91 Fig. 4.34: Phase diagram for the system: Water/ L1695/ EMDG/ R (+)-
Limonene at constant temperature (T = 85˚C) as a function of 
  and   (wt %). The  WaterOilOil   weight ratio,   = 50 
(wt%). 
 
93 Fig. 4.35: Phase behavior of the System: Water/ S1570/ EMDG/ R (+)-
Limonene as a function of  ,   (wt %) and temperature at 
constant  WaterOilOil   weight ratio,   = 50 (wt %). 
 
94 Fig. 4.36: Phase diagram for the system: Water/ S1570/ EMDG/ R (+)-
Limonene at constant temperature (T = 65˚C) as a function of 
  and   (wt %). The  WaterOilOil   weight ratio,   = 50 
(wt%). 
 
96 Fig. 4.37: Phase behavior of the System: Water/ L1695/ EMDG/ IPM as a 
function of  ,   (wt %) and temperature at constant 
 WaterOilOil   weight ratio,   = 50 (wt %). 
 
98 Fig. 4.38: Vertical section through the phase prism for the system: 
Water/ L1695/ EMDG/ IPM at constant surfactant concentration 
( ) equals 26 wt% and 31 wt% and constant EMDG weight 
content in the mixture of surfactant ( ) and equals 25 wt% 
and 50 wt% as a function of temperature and 
 WaterOilOil   weight ratio,   (wt %). 
 
100 Fig. 4.39: Phase diagram for the system: Water/ L1695/ EMDG/ IPM at 
constant temperature (T = 72.5˚C) as a function of   and   
(wt %). The   WaterOilOil   weight ratio,   = 50 (wt %). 
 
102 Fig. 4.40: Phase behavior of the System: Water/ S1570/ EMDG/ IPM as a 
function of  ,   (wt %) and temperature at 
constant  WaterOilOil   weight ratio,   = 50 (wt %). 
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104 Fig. 4.41: Vertical section through the phase prism for the system: 
Water/ S1570/ EMDG/ IPM at constant surfactant concentration 
( ) equals 16.6 wt% and constant EMDG weight content in 
the mixture of surfactant ( ) and equals 25 wt% as a function 
of temperature and  WaterOilOil   weight ratio,  (wt %). 
 
105 Fig. 4.42: Phase diagram for the system: Water/ S1570/ EMDG/ IPM at 
constant temperature (T = 65˚C (A) and 70˚C (B)) as a 
function of   and   (wt %). The  WaterOilOil   weight 
ratio,   = 50 (wt %). 
 
108 Fig. 4.43: Phase behavior of the System: Water/ L1695/ EMDG/ MCT as 
a function of  ,   (wt %) and temperature at constant 
 WaterOilOil   weight ratio,   = 50 (wt %). 
 
   110 Fig. 4.44: Vertical section through the phase prism for the system: 
Water/ L1695/ EMDG/ MCT at constant surfactant 
concentration (  ) equals 31 wt% and constant EMDG weight 
content in the mixture of surfactant ( ) and equals 25 wt% as 
a function of temperature and  WaterOilOil   weight ratio, 
  (wt%). 
 
111 Fig. 4.45: Phase diagram for the system: Water/ L1695/ EMDG/ MCT at 
constant temperature (T = 80˚C (A) and 85˚C (B)) as a 
function of   and   (wt %). The  WaterOilOil   weight 
ratio,   = 50 (wt %). 
 
113 Fig. 4.46: Phase behavior of the System: Water/ S1570/ EMDG/ MCT as a 
function of  ,   (wt%) and temperature  at constant 
 WaterOilOil   weight ratio,   = 50 (wt%). 
 
115 Fig. 4.47: Vertical section through the phase prism for the system: 
Water/ S1570/ EMDG/ MCT at constant surfactant 
concentration (  ) equals 23.1 wt% and constant EMDG 
weight content in the mixture of surfactant ( ) and equals 25 
wt% as a function of temperature and  WaterOilOil   
weight ratio,   (wt %). 
 
116 Fig. 4.48: Phase diagram for the system: Water/ S1570/ EMDG/ MCT at 
constant temperature (T = 80˚C) as a function of   and   
(wt%). The  WaterOilOil   weight ratio,   = 50 (wt %). 
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120 Fig. 4.49: Phase inversion temperature  (PIT) (˚C) [A] and the mean 
concentration ( ) in wt% [B], for the system: Water/ L1695/ PG/ 
Oil at constant  WaterOilOil   weight ratio,  = 50 wt%, and 
variable   (wt %). 
 
123 Fig. 4.50: Phase inversion temperature  (PIT) (˚C) [A] and the mean 
concentration ( ) in wt% [B], for the system: Water/ S1570/ PG/ 
Oil at constant  WaterOilOil   weight ratio,  = 50 wt%, and 
variable   (wt %). 
 
126 Fig. 4.51: Phase inversion temperature  (PIT) (˚C) [A] and the mean 
concentration ( ) in wt% [B], for the system: Water/ EMDG/ 
PG/ Oil at constant  WaterOilOil   weight ratio,   = 50 
wt%, and variable   (wt %). 
 
131 Fig. 4.52: Phase inversion temperature  (PIT) (˚C) [A] and the mean 
concentration ( ) in wt% [B], for the system: Water/ L1695/ 
EMDG/ Oil at constant  WaterOilOil   weight ratio,  = 50 
wt%, and variable   (wt %). 
 
134 Fig. 4.53: Phase inversion temperature  (PIT) (˚C) [A] and the mean 
concentration ( ) in wt% [B], for the system: Water/ S1570/ 
EMDG/ Oil at constant  WaterOilOil   weight ratio,  = 50 
wt%, and variable   (wt %). 
 
145 Fig. 4.54: Phase diagrams of the systems: Water/ L1695/ EMDG/ R (+)-
Limonene (A) and Water / L1695 / EMDG / EtOH / R (+)-
Limonene (B) at 25˚C. The weight ratio of L1695/ EMDG = 1/1 
in the two systems (A), (B) and that of R (+)-Limonene/ 
Ethanol = 1 in the system (B). The one phase region is 
designated by 1φ, and the multiple-phase region is 
designated by Mφ.  
 
147 Fig. 4.55: Phase diagrams of the systems: Water/ L1695/ EMDG/ R (+)-
Limonene (A) and Water/ L1695/ EMDG/ EtOH/ R (+)-
Limonene (B) at 25˚C. The weight ratio of L1695/ EMDG = 1/3 
in the two systems (A), (B) and that of R (+)-Limonene/ 
Ethanol = 1 in the system B. The one phase region is 
designated by 1φ, and the multiple-phase region is 
designated by Mφ. 
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149 Fig. 4.56: Phase diagrams of the systems: Water/ L1695/ EMDG/ IPM 
(A) and Water / L1695 / EMDG / EtOH / IPM (B) at 25˚C. The 
weight ratio of L1695/ EMDG = 1/1 in the two systems (A), (B) 
and that of IPM/ Ethanol = 1 in the system (B). The one phase 
region is designated by 1φ, and the multiple-phase region is 
designated by Mφ 
 
151 Fig. 4.57: Phase diagrams of the systems: Water/ L1695/ EMDG/ IPM 
(A) and Water/ L1695/ EMDG/ EtOH/ IPM (B) at 25˚C. The 
weight ratio of L1695/ EMDG = 1/3 in the two systems (A), (B) 
and IPM/ Ethanol = 1 in the system (B). The one phase region 
is designated by 1φ, and the multiple-phase region is 
designated by Mφ. 
  
156 Fig. 4.58: Phase diagram shown in Fig. 4.38.A. The   are the points 
where we measured the electrical conductivity in the system: 
Water/ L1695/ EMDG/ IPM. At   = 31 wt% and  = 50 wt% for 
variable   (wt%) and T (˚C). 
 
157 Fig. 4.59: Plot of   as a function of T (˚C) (A) and as a function of 
 WaterOilOil   weight ratio,  (wt %) (B) For the system: 
Water/ L1695/ EMDG/ IPM (  = 31 wt%,   = 50 wt %) at points 
presented in Fig. 4.58. 
 
159 Fig. 4.60: Phase diagram shown in Fig. 4.33.B. The   are the points 
where we measured the Electrical conductivity in the system: 
Water/ L1695/ EMDG/ R (+)-limonene. At   = 31 wt% and  = 
50 wt% for variable   (wt %) and T (˚C). 
 
161 Fig. 4.61: Plot of   as a function of T (˚C) (A) and as a function of 
 WaterOilOil   weight ratio,   (wt %) (B) For the system: 
Water/ L1695/ EMDG/ R (+)-limonene (  = 31 wt% and   = 50 
wt%) at the points indicated in (Fig. 4.60). 
 
163 Fig. 4.62: Effects of temperature and oil volume fraction (   or   ) on 
the surfactant monolayer spontaneous curvature and on the 
surfactant oil water phase behavior for a system containing a 
fixed surfactant concentration. At low or zero content of oil 
(a) at low water content (b). At similar water and oil contents, 
a bicontinuous structure with a surfactant monolayer 
separating the water and oil domains can be stable. 
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165 Fig. 4.63: Schematic phase diagram of the system: Water/ L1695/ 
EMDG/ IPM, where the mixed surfactants content (i.e. ) are 
26 wt% in (A) and 31 wt% in (B). The EMDG ratio (i.e. ) is 
25 wt% in (A) and 50 wt% in (B). The cross filled circles   
are experimental points investigated by self diffusion 
measurements.  
 
168 Fig. 4.64: Relative diffusion coefficients, D/D0, for the system: Water/ 
L1695/ EMDG/ IPM as a function of the weight fraction of 
 WaterOilOil  , ( ) for    = 31 wt% and   = 50 wt%, where 
(○)-are the relative diffusion coefficient of the water and ( )-
is for the oil. 
 
169 Fig. 4.65: Relative diffusion coefficients, DW/DW0, for the system: 
Water/ L1695/ EMDG/ IPM as a function of the weight fraction 
of  WaterOilOil   ( )  for different surfactant and co-
surfactant concentrations,  (○)   = 31 wt% ,   = 50 wt%, and 
(•)   = 26 wt% ,   = 25 wt%. 
 
171 Fig. 4.66: Relative diffusion coefficients, DO/DO0, for the system: 
Water/ L1695/ EMDG/ IPM as a function of the weight fraction 
of  WaterOilOil   ( )  for different surfactant and co-
surfactant concentrations,  (○)   = 31 wt% ,   = 50 wt%, and 
(•)   = 26 wt% ,   = 25 wt%. 
 
173 Fig. 4.67: Hydrodynamic radius for the system: Water/ L1695/ EMDG/ 
IPM as function of  WaterOilOil   weight ratio,   (wt %) 
for (  = 31 wt%,   = 50 wt %). 
  
174 Fig. 4.68: Hydrodynamic radius for the system: Water/ L1695 / EMDG/ 
IPM as function of  WaterOilOil   weight ratio   (wt %) 
for (  = 26 wt%,   = 25 wt %).  
 
179 Fig. 4.69: Solubilization capacity (SC) curve of Diclofenac sodium 
along the dilution line D 60:40 at 25˚C, in the system: 
Water/ L1695 + EMDG (1/1)/ R (+)-limonene. 
 
180 Fig. 4.70: Solubilization capacity (SC) curve of Diclofenac sodium 
along the dilution line D 60:40 at 25˚C, in the system: 
Water/ L1695 + EMDG (1/1)/ R (+)-limonene + EtOH (1/1). 
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181 Fig. 4.71: Solubilization capacity (SC) curve of Diclofenac sodium 
along the dilution line D 60:40 at 25˚C, in the system: 
Water/ L1695 + EMDG (1/1)/ IPM. 
 
182 Fig. 4.72: Solubilization capacity (SC) curve of Diclofenac sodium 
along the dilution line D 60:40 at 25˚C, in the system: 
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Microemulsions are macroscopically homogeneous 
thermodynamically stable mixture of water, oil and surfactant, which on the 
microscopic level consist of individual domains of oil and water separated 
by monolayer of amphiphile (see Fig. 1.1 and 1.2) . Schulman scientifically 
described them in 1943 (1) . The concept had appeared in the parent literature 
before that (2,3) . 
Understanding microstructure of the microemulsion is needed for 
any scientific or industrial application of microemulsion, thus we find much 
work over the last three decades in this particular area(4-6) . A microemulsion 
has a microstructure (droplets) with small oil and water domains 
(approximately 100 A ) separated by a monolayer of surfactant, also 
microemulsions exhibit ultra low interfacial tensions (< 0.01 dyn cm-1) (7) . 
The variables which affect the phase behavior and microstructure of 
microemulsions are the surfactant type and concentration, co-solvent type 
and concentration, electrolyte type and concentration, temperature and pH 
(8-11).  
Microemulsions are of growing importance in many industries such 
as cosmetics, foods, pharmaceuticals, pesticides and coating materials (12,13). 
Over the last 20 years the results of researches have greatly increased our 
knowledge of the nature of microemulsion. It gives us powerful new tools 
for the design of microemulsions and relation of surfactant structure to the 
formation of microemulsions (14). There are many researches who relate the 
conditions for microemulsion formation to the formulation of stable 




















Fig. 1.1: A droplet microemulsion phase (A) can be of the O/ W (B) or 
the W/ O type (C). Typically, but not exclusively, the drops are 
























Fig. 1.2: A bicontinuous structure (15). 
 4 
efficiency in the use of surfactants in environmental remediation and 
cleaning applications and to adopt tools developed for microemulsion 
formulation to the design of emulsions, dispersions, and cleaning 
systems(14). 
In his study, Per Ekwall investigated the phase equilibria in systems 
of water, surfactants and third components, he covered a large number of 
three component systems. In this study he has  a solid foundation(16-18). In 
such systems it is important to point out that there will occur a variety of 
structures like micelles, liquid crystals with different geometries, and 
reversed micelles. To understand the nature of a microemulsion it is 
important to understand all interrelated association structures occurring in 
the systems and not just to analyze the microemulsion as an isolated 
association phenomenon. Gunilla Gillberg (19) is the first one who extended 
these three-component systems to include a fourth component and 
demonstrated the identity of the W/O microemulsions according to 
Schulman and the inverse micellar solutions investigated by Ekwall (20) . A 
fifth compoment also can be added to the system (i.e.  Salt, additive, etc).  
The pioneer investigations of the phase equilibria of water, nonionic 
surfactant and oil is the Japanese professor Shinoda who emphasized the 
connection between nonionic surfactant properties and temperature (21-23). 
For aqueous systems, Shinoda clarified the clouding, and in ternary systems 
he introduced the concepts of the phase inversion temperature (PIT). For a 
descriptive understanding of microemulsions, it is of central importance to 
correlate molecular properties of the surfactants, maximal solubilization and 
temperature (hydrophilic/lipophilic balance HLB, temperature). 
Extensive theoretical and experimental work has been devoted to 
different kind of microemulsion systems in order to build up an 
 5 
unambiguous picture of these systems with regard to structure and 
molecular processes. On the other hand, there has been a development of a 
large variety of technical application of these systems (24) . 
Generally, surfactants are classified according to their structure. We 
can classify surfactants into ionic, zwitterionic and nonionic according to 
their charges or to the lack those charges. Also surfactant can be classified 
according to their micelle formation properties or to their swelling capacity 
and the concomitant mesophase formation in aqueous solutions. The 
balance between electrostatic or polar interactions, and geometry packing 
factor, topology will, at the end, by far determine the geometry of the 
colloidal structure formed. The monomer activity with regard to 
aggregation, and formation of micelles are defined by the micelle forming 
surfactants, the critical micelle concentration (CMC) and the Kraft point 
(KP) (25-28) . 
Phase behavior of nonionic amphiphiles is characterized by the 
change in the distribution of the amphiphile over the water-rich and oil -rich 
phase with the change in temperature. Upon increasing temperature the 
phase behavior sequence will depend on the total amphiphile concentration. 
At low amphiphile concentration the sequence will be: Winsor I (

2 ) 
(Wm+O)   Winsor III (3) (W+D+O)   Winsor II (

2 ) (W+Om) (see Fig. 1.3 
and 1.4), while at high amphiphile concentration the sequence will be: 
Winsor I (Wm+O)   Winsor IV (microemulsion) (1φ)   Winsor II 
(W+Om). Winsor I indicates that at ambient temperature, nonionic 
amphiphiles are more soluble in the aqueous phase, while at high 
temperatures they are more soluble in the oleic phase (Winsor II). 
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Fig. 1.4: The schematic change in phase behavior in a mixed-
surfactant system. Wm and Om are aqueous micellar and reverse 
micellar solution phases. W and O are excess water and oil 
phases. D indicates a microemulsion (surfactant) phase. W1  is the 
weight fraction of lipophilic surfactant in the mixed surfactant (29). 
 
Within a definite temperature interval T in between, the mixture may 
break up into three coexisting liquid phases, Winsor III, a water–rich (W, 
lower), amphiphile-rich (D, middle), and an oil-rich (O, upper), at 
sufficiently elevated amphiphile concentration, the mixture of water-oil-
amphiphile becomes homogeneous (Winsor IV or microemulsion). This 
leads to the formation of “fish” diagrams. 
The temperature related to the critical endpoint (cep of the critical 
line extending from the critical point (cepat T) in the water–nonionic 
amphiphile mixture and  the temperature related to the critical endpoint 
(cep) of the critical line extending from the critical point (cep at T) in the 
oil– nonionic amphiphile binary mixture; are the most significant properties 
concerned in determining the temperature range of the three-phase body, 
and hence the Winsor I   Winsor III   Winsor II  phase progression is 
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developed see (Fig. 1.5). It is impossible at specific conditions for extreme 
values of T or T (or both) to produce a homogeneous mixture of water-oil- 
amphiphile. Therefore, knowledge of Tand T is decisive for choosing 
amphiphiles and forming microemulsions within a particular temperature 
range.  
 
 Fig. 1.5: A schematic view of the "unfolded" phase prism 
highlighting the three relevant binary phase diagrams 
(redrawn from Kahlweit et al. (30)). The most important features 
are the upper critical point on the oil-surfactant binary diagram, 
cp (which occurs at the temperature T), and the lower critical 
point on the water-surfactant binary diagram, cp (which 
occurs at the temperature T) 
 
The formation of three liquid equilibrium phase is the consequence of 
the inversion of the distribution of the amphiphile over two solvents. For A-
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B-C (Water/ Oil/ Surfactant) mixtures raising temperatures eventually 
enforces a separation of the lower aqueous phase at the critical end point , 
cepβ, into a water-rich phase and an amphiphile-rich phase, which leads to 
the formation of isothermal three-phase triangle within the central 
miscibility gap. 
With a further increase of temperature, the amphiphile-rich phase 
moves on an ascending trajectory around the surface of the body of 
hetrogeneous phases to the oil-rich phase.  
The  three-phase body thus appears at T1 at the lower cepβ  on the 
water rich side and disappears at Tu at the upper cepα on the oil rich side. In 
the three-phase temperature interval  
T= Tu-T1                                                                                                          (1) 
and              (PIT)=(T1+Tu)/2                                                                                 (2) 
the isothermal three-phase triangle changes its shape, and so the amphiphile 
rich phase moves clock wise from cepβ to cepα (31) (see Fig. 1.6). 
Conceptually, the critical line around the central gap can be looked at as an 
elastic spring, (32) the upper part of which, on the water-rich side, is fixed by the 
(lurking) nose of the H2O-surfactant system, whereas its lower end, on the oil-rich 
side, is fixed by the upper critical point of the oil-surfactant gap.  Consequently, 
if for a given surfactant one increases the hydrophobicity of the oil; one expects 
the inflection point to rise temperature wise. Simultaneously, the tangent to the 
inflection point will become increasingly more horizontal, indicating the 
increasing "bending tension" of the critical line. If one increases the hydro-
phobicity of the oil further, the critical line will eventually break at a tricritical 




 Fig. 1.6: Formation of a three-phase body with nonionic amphiphiles by 
breaking the connected critical line at a tricritical point (tcp) by 
increasing the carbon number of the oil (33).  
 
Close to the tricritical point, the end points of the two critical lines, 
cep and cep, are-still close to each other. Accordingly, the three-phase triangle 
is small, being located close to the boundary of the central gap. The more 
hydrophobic the oil, the further the two end points move apart, cep moving 
toward the oil corner, cep toward the H2O corner. Accordingly, the three-
phase body becomes increasingly large, and the three-phase temperature in-
terval increasingly wide. 
Considering first single-tailed nonionic amphiphiles, the hydrophobic 
interaction between their head groups and water makes their lower 
miscibility gap lie, in general, below the melting point. At ambient 
temperatures, water and nonionic amphiphiles are thus completely miscible. 
With rising temperature, however, water becomes an increasingly poorer 
solvent for nonionic amphiphiles, which makes the miscibility gap reappear 
at elevated temperatures at a lower critical point (cep) that plays an 
important role in the phase behavior of ternary A-B-C mixtures. This upper 
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gap is, again for thermodynamic reasons, a "closed loop". For a given head 
group, the composition of cep  moves toward the water-rich side with 
increasing carbon number of the tail. The critical temperature T rises with 
increasing hydrophilicity of the head (for a given tail), but drops, with 
increasing carbon number of the tail (for a given head).  
In the same sequence, the" extension of the central gap as well as the 
(relative) area covered by the three-phase triangle within that gap shrinks 
as, with given surfactant, one proceeds from one oil to the next less 
hydrophobic homologue, the area covered by the three-phase triangle 
shrinks and moves close to the boundary of the central gap, as a 
consequence or the fact that the end points of cep and cep increasingly 
approach each other.  If one could change the properties of the oils 
continuously, one could, accordingly, imagine a system in which the three-
phase triangle reduces to a point on the boundary of the central gap, i.e., in 
which the two critical lines cep and cep merge. Such a point is called the 
“tricritical point", because” three coexisting fluid phases simultaneously 
become identical as some appropriate thermodynamic variable is altered” 
(34). In this case the chemical potential of the oil. Accordingly, the interfacial 
tensions between the three phases, including between the aqueous and the 
oil phase, decrease as one approaches the tricritical point to, finally, vanish 
simultaneously.  
Factors determining the phase behavior of the ternary mixture Water/ 
Amphiphile/ Oil  be changed by the effective carbon number of the oil, the 
hydrophilicity of head group, or the lipophilic tail of the amphiphile . 
Considering first changing the effective carbon number of the oil for 
a given surfactant, increase the chain length of the oil or its nature will rise 
Tα , this decreases the tendency of nonionic amphiphile to leave the water-
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rich phase for the oil-rich phase as T raises, a coordingly,   rises with 
nonionic amphiphiles with rising the effective chain length of oils. 
The width on the temperature scale of the three-phase region 
narrows as one proceeds from an oil to the next less hydrophopbic 
homologue until it disappears for the lower hydrophobic one. 
If we now consider the effect of varying the hydrophobicity of the 
amphiphile which can be made by changing the effective carbon number of 
its tail for a given head group or by changing the nature of the head group 
and the nature of the hydrophobic part. This affects both Tα and Tβ. With 
nonionic amphiphiles both Tα and Tβ drop with increasing the 
hydrophobicity of the amphiphile which makes  (PIT) drops. 
Considering now the effect of adding a fourth component to the 
Water/ Amphiphile/ Oil mixture. In our case the fourth component can be 
alcohols or alcohol substitutes or another amphiphile. 
Alcohols is distributed over the water-rich and the oil-rich phase. 
Adding an alcohol affects both the water-amphiphile and oil-amphiphile 
diagram. Their distribution coefficient depends weakly on temperature, but 
sensetivly on their carbon number and on the chain length of the oils. 
Adding short chain alcohols that is completely miscible in water 
increases the mutual solubility between water and amphiphile, this is 
equivalent to decreasing the hydrophobicity of the amphiphile. Increasing 
the concentration of a short chain alcohol, thus, makes   rises with nonionic 
amphiphiles. Adding medium and long chain alcohols makes   drops with 
nonionic amphiphiles. 
Considering finally the effect of adding a second amphiphile to the 
mixture of Water/ Amphiphile/ Oil. If the added amphiphile is more 
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hydrophilic amphiphile than the first one originally presented in the 
mixture this will increase the hydrophilicity of the amphiphile mixture and 
thus   rises. If it is less hydrophilic,    drops. 
The efficiency of surfactant which is the minimum amount of 
surfactant needed to solubilize equal weights of oil and water, is defined as, 
( ) (35). The efficiency depends on the nature of the amphiphile, and on that 
of the oil and, in particular, on temperature, reaching its maximum in the 
three-phase temperature interval. Close to the mean temperature   one 
finds the highest efficiency of the amphiphile with respect to homogenizing 
equal masses of water and oil, and a minimum of interfacial tension 
between the water and the oil. 
Phase transitions will also occur without any addition of a 
solubilizate (i.e. Salt), mainly due to the packing of and the interaction 
between the aggregates when the concentration of the surfactant monomer 
is gradually increased. The structure change in this last phase transition is 
not a consequence of the packing ratio from the molecular surfactant 
structure, but a result of structure changes due to intermicellar 
interaction(24). 
  The possibilities of using sucrose as a raw material in the chemical 
industry have excited interest because sucrose is an inexpensive raw 
material, and fatty acids or fats, also inexpensive raw materials to form 
sucrose fatty acid esters (36,37). Sucrose has 8 free hydroxyl groups that can be 
esterified (Scheme 1). If most of them are esterified, the products will be 
very hydrophobic, with good solubility in oil, but partial esterification will 
yield sucrose esters with amphiphilic properties. Sucrose fatty acid esters 
(mono-di-and triesters of sucrose) may be used as emulsifiers in foods and 
in other applications (cosmetics, detergents, etc).  
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Scheme 1: Chemical structre of Sucrose monostearate.  
 
  Numerous attempts have been made in the last 50 years to 
manufacture these esters in a simple and inexpensive way. However, the 
heat sensitivity of sucrose, high activation energy of the estirification 
process and the difference in hydrophilicity/ hydrophobicity of the two 
components, make this process difficult to achieve (38). 
  Sugar esters in general and sucrose esters in particular, are available 
in a wide range of different hydrophile/ lipophile balances (39). 
  Several papers have been written over the years on topics such as 
manufacture, structure, hydrophile/ lipophile balance, emulsifying 
properties, solubility stability, interaction with starch and interaction with 
proteins, crystallization retardation on sucrose and detergency. Many 
possible food applications have been considered  including ice cream, coffee 
whiteners, mousse products imitation whipped cream, bread, bakery 
products, fondants and margarines. In addition, many cosmetic, detergency, 
cleaning and pharmaceutical applications have been studied. Because of 
high prices and Legislation restrictions, sucrose-ester products have limited 
application (39).  
  Lately, studies on sucrose-esters derived from other mono-di-or 
oligomeric sucrose, and used as emulsifiers, have been made  (40) . 
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  Hundreds of applications in which sucrose esters are used in 
combination with other emulsifiers, organic acids, proteins, carbohydrates, 
etc. have been described in patents (41-43) and literature (44-49). Hundreds of 
papers have been written on polyesters of sucrose and sweeteners, sucrose 
less fat and fatless sucrose for nutritional, health diet, nutraceutical and 
other related applications (50-65). 
  The emulsification properties of sucrose-esters are somewho unique, 
since almost any hydrophilic-lipophilic balance can be obtained, and since 
the sucrose esters don’t change their HLB balance with temperature unlike 
the ethoxylated derivatives). Commercial sucrose ester, which is a complex 
mixture of various internal compositions of different chain-lengths of fatty 
acids, mono-, di-, tri-, or polysubstitutions on the hydroxyl groups, free fats 
or fatty acids, etc (39). 
  The complex structure might influence the emulsification properties, 
and might have some effect on the reproducibility of the results in many of 
the applications, and will have very pronounced effects on the self-
aggregation of these esters in water or in oil (39). 
The solubility of sucrose esters in many classes of oils is very low and 
consequently, Tα is exceptionally high, requiring the use of a co-surfactant to 
augment sucrose esters oil solubility, and create microemulsions in water–
oil–sucrose ester mixtures. Numerous groups (66-71) have explored this 
approach and studied the phase behavior and properties of water–oil –
Sucrose esters–co-surfactant microemulsions. It was found that sucrose 
esters in the presence of 82 CC   alcohols as co-surfactants can form 
microemulsions used for pharmaceutical and food applications. Non-toxic 
co-surfactants for pharmaceutical purposes also have been used to make 
sucrose ester microemulsions. In this research, we substituted alchohol by 
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1,2-propandiol (propylene glycol, (PG)) which shows to be efficient 
substitute . 
In this study we evaluate the effect of adding propylene glycol (1,2-
propane diol) (PG) to the mixture water/ Sucrose Esters/ Oil on the phase 
behavior of the system. Some surfactant molecules are known to self-
assemble in polar organic solvents like propylene glycol (1,2-propanediol) 
glycerol, and formamide (72,73) . PG is one of the least hydrophilic simple 
polyols. These solvents like water, form hydrogen bonds, have relatively 
high dielectric constants and are immiscible with hydrocarbon solvents, (74) 
and sometimes they are used as water substitutes. Critical micelle 
concentrations are higher in polar nonaqueous solvents than in water (75,76). 
Adding polyols to the surfactant mixture will decrease the polarity and the 
freezing point of water. For these reasons, some water-soluble polyols such 
as propylene glycol (1,2-propanediol) and glycerol protect biological 
systems from massive ice crystallization (77-79).  
Also we investigated the addition of ethoxylated type nonionic 
surfactant which is ethoxylated mono diglyceride. Ethoxylated 
Mono\Diglyceride, The (EMDG) (MAZOL 80 MG KOSHER) is a mixture of 
stearate and palmitate partial esters of glycerin ethoxylated with 
approximately 20 moles of ethylene oxide per mole of alpha-monoglyceride 
reaction mixture. 
The oils used were caprylic/capric triglyceride (MCT), 
isopropylmyristate (IPM) and (R (+)-limonene). MCT are used mainly 
because they are fully saturated and”oxidation-free” oil and, therefore, it is 
considered to be “safe oil” and is widely used in food formulations.  IPM is 
used in many pharmaceutical formulations owing its compatibility with 
biological systems and is expected to be environment friendly (80). The 
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monoterpene hydrocarbon R (+)-limonene is a unique and interesting 
solvent (the major constituent of citrus essential oils, lipophilic perfume 
constituent) that is present in several natural products. R (+)-limonene is 
often used in foods, cosmetics, and coating materials. R (+)-Limonene is 
essentially insoluble in water and requires addition of a surfactant to be 
solubilized or emulsified in water (81). R (+)-Limonene is used in the 
preparation of cloudy macroemulsions for beverages. Citrus essential oils 
are also used in some “green” cleaning formulations and known to have 
powerful detergency abilities (solubilization) (81,82) . 
  The development of microemulsion with specific properties like high 
solubilization power and temperature insensitivity was focused in many 
researches in the past. But the most basic studies on microemulsions have 
been conducted with standard surfactants, such as polyoxyethylene- type 
nonionic surfactants, alkyl sulfates, quaternary ammonium salts and dialkyl 
sulfosuccinate that are not permitted in food systems (health restrictions), so 
it is important to search for new surfactants for the preparation of 
microemulsions. On the other hand the food-grade surfactants are limited in 
their number and structure. The mono and diglycerides of fatty acids, 
sorbitan esters, polyglycerol esters, such as polyglycerol polyricinoleate 
(PGPR), and sucrose ester (sucrose polystearate) are hydrophobic 
surfactants, where's the ethoxylated sorbitan esters, polyglycerol esters, 
sodium stearoyl lactylate and sucrose esters are hydrophilic surfactants. 
And all of these are food grade compounds (39). 
   The nonionic microemulsions have higher potential for many 
applications, so we concentrated our efforts on studying and developing 
new microemulsion based on water-nonionic surfactant-oil, and co-
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emulsifier (short chain of alcohol; i.e. ethanol and PG), where all 
















































Food, cosmetics, and pharamceutical formulations are very 
complicated multi-component dispersed systems; where proteins, 
polysaccharides and fats are dispersed in an aqueous phase in a very 
complex way. This complexity, precisely, stands in the way of innovation. 
The trend in systems, today, is to bring new ideas into the area of functional 
food (introducing functional, health and nutrition additives to existing 
products) and to obtain functional food with additional health or nutritional 
values. 
 In our laboratory at Al-Quds University, we are working on subjects 
related to the introduction of functional additives to food systems, using 
microemulsions as carriers for the entrapment and controlled minerals, 
mostly for the consumption of babies and elderly people. 
 The unique properties of food grade microemulsions based on 
surfactants including sucrose ester, ethoxylated mono diglyceride, etc, 
might find application in systems requiring solubilization of food 
ingredients and monitoring of chemical reactions carried out in 
microemulsions serving as microreactors. To the best of our knowledge, this 
work is supposed to be the first work that will try to increase our 
understanding of the structure and stability of these systems. In order to 
accomplish this objective, we fixed the aims of this research project in the 
following points: 
 Study of the phase behavior of mixed nonionic food and 
pharmaceutical grade surfactants, co-surfactant, co-solvents and 
vegetable oils as the oil phase in order to determine the regions of 
microemulsion phase. This is accomplished by the investigation of 
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ternary and quaternary phase diagrams, "fish” and χ cuts. 
 Evaluation of the water solubilization capacity of the prepared 
microemulsion systems. 
 Exploring the microstructures of the formed microemulsions, Pulsed 
gradient spin echo (PGSE) nuclear magnetic resonance (NMR), and 
electrical conductivity. These techniques will be used to study how 
changes in the relative amounts of the surfactant and in the chain 
length of the surfactant or oil, the presence of co-surfactant and the 
addition of water that influence the microemulsions micro-structure 
within the one-phase region. 
 Solubilization of food or pharmaceutical active ingredients in the 
dispersed phase of the microemulsions, introducing the solubilizate 
containing microemulsions in new pharmaceutical formulations and 
find a correlation between the microstructure of microemulsions and 
the quantity of solubilized materials. 
 Developing new food or pharmaceutical products containing the 
formulated microemulsions. 
  
 This work will open new avenues in the field of food, cosmetic and 
pharmaceutical dispersions. The new inventions will definitely contribute to 































III.1.1 Surfactant (surface active agent)  
 
The sucrose esters (sucrose alkanoates) where it is produced by a 
reaction between sucrose and fatty acids. There is a mono-, di- or poly 
substitution on the sucrose (Scheme 1). These surfactants are food grade 
and were obtained from Mitsubishi Kasei food Corp, (Mie, Japan).   
 
Table 3.1: Type and composition of sucrose esters used in this 








Ester composition % Melting Point(˚C) 







S1570 15 Stearic 70 70 30 49 56 
L1695 16 Lauric 95 80 20 35 47 
 
Ethoxylated Mono\Diglyceride, The (EMDG) (MAZOL 80 MG 
KOSHER) is a mixture of stearate and palmitate partial esters of glycerin 
ethoxylated with approximately 20 moles of ethylene oxide per mole of 
alpha-monoglyceride reaction mixture. It is a pale yellow oily liquid or semi 
gel that has a faint characteristic odor and mild taste. 
Approved for many direct foods additive applications. The principal 
uses-Emulsifier in pan release aids, cake and cake mixes icing and icing 
mixes, frozen conditioner in yeast leavened backing products. 
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Specifications of EMDG: 
 
Acid Value, mg KOH/g……………………..….. 2.0 Max. 
Saponification Value, mg KOH/g……………. 65.0 – 75.0 
Hydroxyl Value, mg KOH/g………………….. 65.0 – 80.0 
Form 25˚C……………..……………...….........amber liquid 
POE, % Anhydrous Basis……………..………. 60.5 – 65.0 
1, 4 Dioxane, ppm………………………………... 1.0 Max. 
Color, Gardner……………………………….…… 2.0 Max. 
Water, %………………………………………….... 1.0 Max. 
Iodine Value, %………………………..………….. 2.0 Max. 
In water ……………………………………………. soluble 
This surfactant is food grade and was obtained from BASF Corporation, 




- Caprylic/capric triglyceride (MCT) "Neobee M5" a food grade 
triglyceride containing 60 wt% 7C  and 40 wt% 9C , was obtained from 
Stepan Europe (Vorepe, france) (Scheme 2-a). 
- Isopropyl myristate (98%) (IPM) was purchased from Sigma-
Aldrich Chemie GmbH, Riedetr Germany (Scheme 2-b). 
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Scheme 2: Chemical structre of MCT (a) (86) , IPM(b) and R(+)-
limonene(c).  
 
III.1.3 Co-surfactant and Co-solvents 
 
The co-surfactant used is 1,2-Propandiol (Propylene glycol, PG) (≥ 
99.5%) was purchased from BDH (poole, UK) (see Scheme 3 for chemical 
structure). The co-solvent is absoute ethanol (minimum 99.8%) was 
obtained from Frutarom (Haifa, Israel). 









Water was double distilled. 
 
III.1.5 Solubilization materials 
 
Sodium diclofenac contains not less than 99.0% and not more than 
equivalent of 101.0% of sodium [2-[(2,6-dichlorophenyl) amino] phenyl] 
acetate, calculated with reference to the dried substance (scheme 4) (87) . Was 
obtained from Marsing and Co. Ltd. Denemark. 
 










 Sodium chloride of analytical grade was purchased from J.T. Baker 








III.2.1 Phase Behavior Determination 
 
III.2.1.1 Samples preparation for temperature dependant phase behavior.  
 
Various amounts of water, oil, surfactant, and co-surfactant were 
sealed in ampoules. A series of ampoules sealed by Benson burner and kept 
in a thermostat were well shaken and left at constant temperature (± 0.05 C˚) 
for one to two days depending on the stability of emulsions. Phase 
equilibrium was determined by visual observation.  
 
III.2.1.2 Temperature dependent phase behavior determination 
 
The method introduced by Kahlweit and co-worker (30,31,35,88), Fanun et 
al. (89-96), Rayan et al. (97,98) for ternary, pseudoternary and quaternary phase 
diagram for the mixtures of (A) water, (B) oil, (C) surfactant, and (D)co-
surfactant (97). The phase behavior of these mixtures depends on five 
independent variables, pressure (P), temperature (T), and three mass 
fractions (98). 
The pressure effect is weak so it's turned out while the effect of 
temperature is strong and it's important experimental parameter (30). 
The ternary system at constant pressure has three independent 
variable (30), the temperature (T), the mass fraction of oil  in the mixture of 








                                            In wt %                   ( 3)                







                                           In wt %      ( 4) (30,97,99).                          
And in quaternary mixture which mean that two surfactants are used, the 







                                            In wt %                  ( 5)               
For a ternary mixture,   = 0. At constant pressure two-dimensional phase 
space representation can be made by varying two of the defining variables, 
the phase behavior can be read as a function of temperature against one 
composition variable, with all others being held constant(see Fig. 3.1).  
 
 
Fig. 3.1: Schematic phase prism in temperature-composition space 
(redrawn from Kahlweit et al. (100)) showing the two vertical 
sections at either constant values of the oil fraction , or at 
constant surfactant concentration . The lamellar phase L  
also is shown at high surfactant concentrations. 
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When studying microemulsion phase behavior there are several 
sections through the phase prism have been shown (98). One section is a 
section containing equal masses of oil and water (α = 50%) as a function of 
temperature and surfactant concentration, which allows to determine the 
efficiency of surfactant which is the minimum amount of surfactant 
necessary to completely solubilized equal weights of oil and water, denoted 
by, ( ) and the phase inversion temperature (PIT) of the three phase body 
for a given oil (see Fig. 3.2) (35,97). There is another section where the 
surfactant concentration is constant as a function of temperature and oil 
shows the ability of the surfactant to solubilize oil in water (low α) and 
water in oil ( high α ), the phase prism were determined within 0.05  C. 
There is also another section where the (α = 50%) and temperature is 
constant as a function of the surfactant ratio (δ), which shows the evaluation 
of the one-phase microemulsion region and the phase body as the surfactant 
ratio are changed, the phase bounderies were determined within 1 wt%. 












Fig. 3.2: The pseudobinary phase diagram at = 50 wt% as a 
function of temperature and surfactant concentration,  is the 
minimum surfactant concentration needed to make a single 
phase containing equal amounts of oil and water, and is a 
measure of the efficiency of the surfactant. 0 marks the lowest 
possible surfactant concentration where three liquid phases 
form. The temperatures T1 and Tu are the temperature bound-
aries of the three-phase region. The phase boundaries trace the 
shape of a "fish". Redrawn from Kahlweit et al. (100). 
 
III.2.1.3 Sample preparation for pseuduternary phase diagram at 
constant temperature  
 
The behavior of a four-component system is described on 
pseudoternary phase diagrams in which the weight ratio of two 
components was fixed. Usually, the oil/ alcohol weight ratio was held 
constant at 1:1 when alcohol is present in the system. The construction 
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of the phase diagram was conducted in a thermostatic bath (25   
0.2˚C). Ten weighted samples composed of mixtures of surfactant, 
alcohol (cosurfactant), and oil were prepared in culture tubes sealed 
with viton-lined screw caps at perdetermined weight ratios of (alcohol 
+ oil) to surfactant. These mixtures were titrated with water. These 
aqueous mixtures are samples along water dilution lines drawn to the 
water apex from the opposite side of the triangle. In all of the samples 
tested, evaporative loss was negligible. Nearly all samples  were 
equilibrated during a time interval of up to 24 h. The tubes were then 
inspected visually. Appearance of turbidity was considered as an 
indication for phase separation. The phase behavior of such samples 
was determined only after sharp interfaces had become visible. The 
completion of this process was hastened by centrifuging the samples. 
Every sample that remained transparent and homogeneous after 
vigorous vortexing was considered as belonging to a monophasic area 
in the phase diagram  (101-104). 
 
III.2.1.4 Solubilization Parameters. 
 
The goal of our work was to incorporate a large amount of water into 
the microemulsion. Thus, the water solubilization was estimated as  the 
monophasic area of the relevant phase diagrams. It is well documented that 
the water solubilization capacity of different amphiphilic systems should be 
strictly compared at optimal solubilization capacity (105). Because the 
maximum solubilization of water appears some on different water dilution 
lines (a line in the phase diagram beginning with a mixture of alcohol, oil, 
and surfactant at a fixed ratio, which is diluted with water), it is common to 
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list the maximun solubilization of water (Wm) on the dilution line in which 
maximum solubilization was obtained. The problem of comparing Wm 
values that lie on different dilution lines was discussed in previous papers 
(101-103). In our systems Wm values lie, within experimental error, on virtually 
the same specific dilution line (103,106), and therefore we feel that the 
comparaison between the Wm values is a proper way of estimating the 
maximum solubilization (see Fig. 3.3). 
Li et al. (107) have employed as a solubilization parameter, the total 
monophasic area. It is the sum of the five cross-sectional area in the 
tetrahedral phase diagram, each with a different oil/ surfactant ratio. We 
will call this area AT. The relative error in determining the AT and Wm (wt%) 
was estimated to be   0.5% for all systems studied. In our comparative 
studies we used both the AT  and Wm (wt%)  values. 
 
III.2.2 Active Ingredients Solubilization Evaluation 
 
Free food or pharmaceutical active ingredient can be added to a 
ready-made microemulsion composed of oil, surfactant, co-surfactant or co-
solvent and water. The mixture, which includes the food or pharmaceutical 
active ingredients, is heated to 80˚C for 30 min. the samples once 
transparent, are cooled and stored at 25˚C. Samples that remained 




























Fig. 3.3: Solubilization parameters for a schematic phase diagram. 
The weight ratio alcohol/ oil is 1/ 1, 1φ (L2)  is the area the W/ O 
microemulsion (one phase region), 2φ is the area two phase 
region. Wm is the maximum amount of solubilized water, Sm is the 
amount of surfactant needed to obtain maximum solubilization, 
and P is a point on the boundary of the monophasic area at which 
the water content reaches maximum (95). 32 and 43 are dilution 
lines where the initial surfactant concentrations are 32 and 43 
wt%, respectively. 
 
III.2.3 Electrical Conductivity Measurements  
 
 Electrical conductivity of isotropic phases was measured with a 
conductivity meter, a model TetraCon® 325. For electrical conductivity 
measurements all microemulsions were made using a 0.05 M  aqueous 
solution of NaCl. The electrode was dipped in the microemulsion sample 
until an equilibrium was reached and reading become stable. 
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III.2.4 Pulsed Gradient Spin Echo (PGSE) Nuclear Magnetic 
Resonance (NMR) 
 
NMR measurements can be performed on Bruker DRX-400 
spectrometer with a BGU II (108)  gradient amplifier unit and a 5-mm BBI 
probe equipped with a z-gradient coil, providing a z-gradient strength (g) of 
up to 55 G cm-1. The self-diffusion coefficients were determined using 
bipolar-pulsed field gradient stimulated spin-echo (BPFG-SSE). In this work 
we used bipolar gradient pulses as described by Wu et al. (108) to reduce the 
eddy-current effects. 
Experiments were carried out by varying the gradient strength  and 
keeping all other timing parameters constant. The self-diffusion coefficient 
(D) is given by  




I                                                                                    (6) 
where I  is the measurred signal intensity, I  is the signal intensity for g = 0, 
  is the gyromagnetic ratio for the 1 H nucleus,   is the gradient pulse 
length,   is the time between the two gradients in the pulse sequence (and 
hence defines the diffusion time), and )(tR  is a constant that takes into 
account nuclear relaxtion. Since in our experiments )(tR  is constant, we do 
not consider it further. Typically, we use   = 100 ms,   = 8 ms, and vary g 


































IV.1 Phase Behavior Results 
 
IV.1.1 Binary Phase Behavior 
 
System A: Sucrose Laurate (L1695)/ Oils 
  
 Fig. 4.1 shows the temperatuer-composition phase diagrams of 
binary mixture of sucroce laurate (L1695) and the oils, R(+)-Limonene (A), 
IPM (B), MCT (C). Sucrose laurate (L1695) is completely miscible in  R(+)-
Limonene at low concentration     10 wt% surfactant and high 
temperature T   57.5°C. At surfactant  concentrations more than   > 10 
wt% there is no solubilization of surfactant in R(+)-Limonene . 
Binary mixtures of sucrose laurate (L1695) and IPM, MCT Fig. 4.1 (B, 
C)  shows that the oil is a poor solvent for this amphiphilic compound and 
that there is practically no miscibility between the two compounds. 
 
System B: Sucrose Stearate (S1570)/ Oils 
 
 Fig. 4.2 shows the temperature-composition phase diagrams of the 
binary mixtures of sucrose stearate (S1570) and oils. Binary mixtures of 
sucrose stearate (S1570) and R(+)-Limonene, Fig. 4.2 (A) shows that at low 
temperature the surfactant and oil are miscible  with each other and they 
form a liquid crystal which is viscous and not fluid. Increasing the 
concentration of the surfactant (S1570) (i.e.   > 50 wt%) this miscible region is 
formed over all of the range of temperatures studied (i.e. 5˚C - 80˚C).  
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 Fig. 4.1: Binary phase behavior of the System: L1695/ Oil  as a function 
of surfactant  concentration (  (wt%)) and Temperature (T (˚C)).  
 
On the other hand at high temperatures and low concentration of 
surfactant this phase (liquid crystal) disappears and the surfactant and oil 
are separated into two phases solid and liquid at temperatures below the 
fusion point of the surfactant and two liquid phases at temperatures above 
the fusion point of the surfactant. 
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Binary mixtures of sucrose stearate (S1570) and the oils IPM (B) and  
MCT (C) revealed that the oils is a poor solvent for these amphiphilic 
compounds and that there is a practically no miscibility between the two 
compounds. Sucrose stearate (S1570)  appears to be too hydrophilic for the 









 Fig. 4.2: Binary phase behavior of the System: S1570/ Oil  as a function 
of surfactant  concentration (  (wt%)) and Temperature (T (˚C)).  
 
System C: Ethoxylated Mono-Diglyceride (EMDG)/ Oils  
 
 Fig. 4.3 shows the temperature-composition phase diagrams of 
binary mixture of ethoxylated mono-diglyceride (EMDG) and olis, R(+)-
Limonene (A), IPM (B), MCT (C). Binary mixtures of ethoxylated mono-
diglyceride (EMDG) and oils revealed that these oils are  good solvents of 








































 Fig. 4.3: Binary phase behavior of the System: EMDG/ Oil  as a 
function of surfactant  concentration (   (wt%)) and Temperature 
(T (˚C).  
 
System D: Surfactants/ Water 
 
 Fig. 4.4 shows the temperature-composition phase diagrams of 
binary systems water-surfactant mixtures for L1695(A), S1570(B), EMDG(C). 
Fig. 4.4 (A) shows the binary mixture of sucrose laurate (L1695) and water. As 
we can see in the Figure the surfactant is completely miscible in water at 
high concentration of surfactant (i.e.   > 40 wt%) and forms  liquid crystals. 
On the other hand, sucrose stearate (Fig. 4.4 B) is not miscible in water at 
any concentration of surfactant at low temperatures, it becomes miscible at 
Tβ = 49˚C for surfactant concentration from   = 15 wt% to   = 70 wt% and 
Tβ = 44˚C for surfactant concentration more than   = 70 wt%, and forms a 
small region highly viscous gel. When we raise the temperature this region 
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disappears and the surfactant become not miscible with water as we can see 
in the Fig. 4.4 (B). 
Fig. 4.4 (C), shows the binary mixtures of ethoxylated mono-
diglyceride (EMDG) and water. The surfactant is completely miscible in 
water at  Tβ ≤ 35˚C for all concentrations of surfactant (EMDG). When we 
raise the temperature to T > 60˚C the two phase region appears at low 
concentration of surfactant     40 wt%, but at concentration above this 

















 Fig. 4.4: Binary phase behavior of the System: Water/ Surfactant  as a 
function of surfactant concentration (  (wt%)) and Temperature 
(T (˚C)).  
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System E: Surfactants/ PG. 
 
 Fig. 4.5 shows the temperature-compsition phase diagrams of binary 
Surfactant/PG mixture for sucrose laurate (L1695)(A), sucrose stearate 
(S1570)(B), ethoxylated mono-diglyceride (EMDG)(C). Binary mixture of 
sucrose laurate (L1695) and PG  Fig. 4.5 (A) shows that at low concentration of 
surfactant less than   = 20 wt%, and low temperature T   27.5˚C and   = 30 
wt%, and at T = 22.5˚C the surfactant L1695 and cosurfactant (PG) are not 
miscible in each other. When we raise the temperature (i.e. T > 27.5˚C) at 
these concentration or increase the surfactant concentration, the surfactant 
and cosurfactant becomes miscible in each other . 
Fig. 4.5 (B), shows that at low temperature (i.e.T = 47.5˚C for     30 
wt% and T = 42.5˚C for   > 30 wt%) the surfactant sucrose stearate (S1570) 
and cosurfactant (PG) are not miscible in each other. Raising the 
temperature (i.e. T ≥ 47.5˚C for     30 wt% and T ≥ 42.5˚C for   > 30 wt%), 
the S1570 and PG becomes miscible. 
Fig. 4.5 (C), shows that when we increase the concentration of 
surfactant Tβ decreases sharply and the surfactant ethoxylated mono-


































































































Fig. 4.5: Binary phase behavior of the Systems: Surfactant/ PG  as a 
function of surfactant  concentration (   (wt%)) and Temperature 









IV.2 Ternary Phase Behavior 
 
Phase Behavior of the System A: Water/ L1695 / Oil 
 
 Fig. 4.6 shows the temperature composition phase diagram of the 
system: Water / L1695 / Oil mixture for R(+)-Limonene (A), IPM (B), MCT (C). 
This system was studied to determine the effect of oil chain length and type 
of oil on the maximum amount of solubilized water  as a function of   
(wt%), and temperature at   = 50 wt%.  
As we can see in the Figures, at low temperatures, two separate 
phases are observed designated by   (Wm+O) which signifys water 
continuous micellar system with excess oil. At high temperature another 
two separate phases are observed and designated by   (W+Om), which 
means excess water with oil continuous micellar system. One phase region 
(microemulsion region) designated by   is also observed. 
Using cyclic oils like R(+)-Limonene the three phase body does not 
appear and one phase region is formed at   = 32.5 wt% of surfactant and 
temperature T = 80˚C. Using straight and long chain oil as in the case of IPM 
this will improve the solubilization and increase the one phase region, this 
region also moves downward in the temperature scale, as we can see this 
region is start to form at    = 25 wt% of surfactant and T = 72.5˚C. 
  Using branched oils such as a triglycerides in the case of MCT, the 
three phase body designated by III (W+D+O) start to form at low 
concentration of surfactant but the one phase region is shifted up in the 
temperature scale, the mean temperature   = 87.5˚C,   = 37.5 wt%, which 
means the existence of bicontinuous micellar system with excess water and 
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oil (see Fig. 1.4 page 7) presents these cases,  but the one phase region 
becomes wider more than the use of cyclic chain oils.  
It is important to note that for high content of surfactant (i.e. 70 wt%) 
the one phase region appears at lower temperatures (i.e. 20˚C). Increasing 
the surfactant content decreases the temperature at which the one phase 
appears. For high temperatures (i.e. T > 75˚C), the transion temperature 
from one phase to two phase is dependent on the surfactant content. It 
increases when   increases. 
Increasing the surfactant content (i.e. 55 wt%) decreases the 
temperature at which the one phase is formed (i.e. 20˚C). The same behavior 
as in the case of R (+)-limonene is observed with MCT for high 
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 Fig. 4.6: Phase behavior of the System: Water/ L1695/ Oil as a function 
of   (wt%) and temperature  at constant  WaterOilOil   weight 
ratio,   = 50 (wt%). 
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Phase Behavior of the System B: Water/ S1570/ Oil  
 
Fig. 4.7 shows the phase behavior of the system: Water/  S1570/ Oil as a 
function of   (wt%), and temperature at   = 50 wt%, the oils were R (+)-
limonene (A), IPM (B), MCT (C). 
When we use a cyclic oils such as R (+)-limonene, as the oleic phase 
the three phase body does not appear and the one phase region appears at T 
= 65.5˚C and  min = 25 wt%, which mean that S1570 as a surfactant improves 
the solubilization of oil in water in comparaision with L1695. It is important to 
not that for high content of surfactant (i.e. 70 wt%) the one phase region 
appears at lower temperatures (i.e. 25˚C). Increasing the surfactant content 
decreases the temperature at which the one phase appears. For high 
temperatures (i.e. T > 75˚C), the transion temperature from one phase to two 
phase is dependent on the surfactant content. It increases when   increases. 
In the presence of branched oils such as triglycerides  in case of MCT, we 
observe that the three phase region is formed, the mean temperature   = 
77˚C and    = 51 wt%. 
In the case of the long chain oil (IPM) as the oleic phase the one phase 
region  appears at  T = 75˚C and  min = 42.5 wt%, but the one phase is moved 
downward in the temperature scale. Increasing the surfactant content (i.e. 55 
wt%) decreases the temperature at which the one phase is formed (i.e. 35˚C). 
The same behavior as in the case of R (+)-limonene is observed with MCT 
for high temperatures. From these Fig. 4.7 (A, B, C) we can see that using 
cyclic oils as oil phase will give a wider one phase region better than the use 
of branched (MCT) or long chain oil (IPM) and this phase appears at low 
temperature at high concentration of surfactant (S1570). 
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 Fig. 4.7: Phase behavior of the System: Water/ S1570 / Oil  as a function 
of   (wt%) and temperature  at constant  WaterOilOil   weight 
ratio,   = 50 (wt%). 
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Phase Behavior of the System C: Water/ EMDG/ Oil 
 
Fig. 4.8 shows the temperature-composition phase diagram of the 
system: Water/ EMDG/ Oil mixture for R (+)-limonene (A), IPM (B), MCT 
(C) at   = 50 wt%. The following systems were studied to elucidate the 
effect of oil chain length and type of oil on the maximum amount of 
solubilized water in the system as a function of   (wt%), and temperature at 
  = 50 wt%. 
In the  presence of cyclic oils such as R (+)-limonene there is no 
formation of three phase region and the homogeneous microemulsion 
region (one phase region) shifted to high concentration of surfactant, while 
the presence of branched oils such as triglycerides in the case of MCT we 
can see that the mean temperature   = 85˚C and   = 42 wt%, the three 
phase body appears, this type of oil improve the solubilization of water 
because the one phase region becomes wider as we can see in the Fig. 4.8(C), 
and this type of oil will increase the efficiency of the surfactant more than 
the use of cyclic oils (R(+)-limonene). Using IPM which have a long and 
linear structure, the mean temperature    = 105˚C and   = 26.5 wt% so as 
we can see that the   moves down to low concentration of surfactant, the 
three phase  body appears in this type of oils. It is important to not that for 
high content of surfactant (i.e. 70 wt%) the one phase region appears at 
lower temperatures (i.e. 25˚C). Increasing the surfactant content decreases 
the temperature at which the one phase appears. For high temperatures (i.e. 
T > 75˚C), the transion temperature from one phase to two phase is 
dependent on the surfactant content. It increases when   increases. 
 
 49 
















III ( W+D+O )
II ( W+Om )






 ( wt% )







II ( W+Om )
III ( W+D+O )






 ( wt% )















































 Fig. 4.8: Phase behavior of the System: Water/ EMDG/ Oil as a 
function of   (wt%) and temperature  at constant  WaterOilOil   
weight ratio,   = 50 (wt%). 
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Increasing the surfactant content (i.e. 55 wt%) decreases the 
temperature at which the one phase is formed (i.e. 25˚C). The same behavior 
as in the case of R (+)-limonene is observed with MCT for high 
temperatures. One conclusion that the using of long chain oil will improve 
the solubilization of the surfactant (EMDG).   
 
Phase Behavior of the System D: Water / PG / Oil 
 
 This system Fig. 4.9 shows that there is no solubilization of oil in 













 Fig. 4.9: Phase behavior of the System: Water/ PG/ Oil as a function of 
  (wt%) and temperature  at constant  WaterOilOil   weight 





IV.1.3 Quaternary phase behavior  
 
Phase Behavior of the System A: Water/ L1695/ PG/ R (+)-
limonene.  
 
1-As a Function of  ,  and Temperature at   = 50 wt%. 
 
Fig. 4.10 shows the temperature-composition phase diagrams of the 
system:  Water/ L1695/ PG/ R (+)-limonene mixture for   (wt%) = 25%(B), 
40%(C), 50%(D), 75%(E), 90%(F) and 100%(G) at   = 50 wt%. The system: 
water / L1695 / R (+)-limonene “fish” (  = 0%(A)) is shown in the first as 
reference. As we can see in the Figures, at low temperatures two separate 
phases are observed designated by   (Wm+O) which signifys water 
continuous micellar system with excess oil. At high temperature another 
two separate phases are observed and designated by   (W+Om), which 
means excess water with oil continuous micellar system. One phase region 
(microemulsion region) designated by   is also observed. At high 
concentrations of PG two phases are also observed liquid and white solid 
precepitate. With the addition of PG the homogeneous microemulsion 
region (fish tail) becomes smaller and the minimum amount of mixed L1695 + 
PG needed for the formation of one phase region ( min ) of the surfactant 
mixture decreases slightly (i.e  min = 32.5 wt% and T = 80˚C for   = 0 wt% to 
 min = 60 wt% and T = 55˚C  for   = 25 wt% to  min = 75 wt% and T = 55˚C  













II ( W+Om )
















II ( W+Om )










 ( wt% )



















 ( wt% )









II ( W+Om )








 ( wt% )









































Fig. 4.10: Phase behavior of the System: Water/ L1695/ PG/ R (+)-
limonene as a function of  ,   (wt%) and temperature  at 




From this Figure we can say that increasing the ratio of  PG/ L1695  (i.e.  
  = 50 wt% to   = 100 wt%), will shift the system to the solid and liquid 
two separated phases. No three phase region was observed in these 
systemes.  
It is important to note that for high content of surfactant (i.e. 65 wt%) 
the one phase region appears at lower temperatures (i.e. 20˚C) at low 
cosurfactant concentrations   (i.e. < 25 wt%). Increasing the surfactant 
content decreases the temperature at which the one phase appears. For high 
temperatures (i.e. T > 75˚C), the transion temperature from one phase to two 
phase is dependent on the surfactant content. It increases when   increases. 
 
2-As a Function of  ,  and Constant Temperature at   = 50 wt%. 
 
Fig. 4.11(A and B), shows the phase behavior of the system: Water/ 
L1695/ PG/ R (+)-limonene at   = 50 wt% as a function of  (wt%) and   
(wt%) at constant temperature (T = 50 and 80˚C). At 50˚C, L1695 is mainly 
dissolved in water to form II (Wm+O) at low values of surfactant and form 
one–phase microemulsion at high concentration of surfactant   (i.e.   > 52 
wt%), by increasing   concentration of co-surfactant the amount of 
surfactant needed to form one phase region is increased. At high 
concentration of co-surfactant (  > 45 wt%) the one phase region 
disappeared and the two phase region, is appeared which mean that the 
surfactant is dissolved in oil to form II (W+Om). The three phase region 
does not form at any values of   and  . At 80˚C, L1695 remains dissolved in 
the water at low concentration of surfactant but the one–phase 
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microemulsion appears by using surfactant concentration   ≥ 32.5 wt% at   
























Fig. 4.11: Phase diagram for the system: Water/ L1695/ PG/ R (+)-
limonene  at constant temperature (T = 50˚C (A) and 80˚C (B)) as a 
function of    and   (wt%). The  WaterOilOil   weight ratio,   
= 50 (wt%). 
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By raising the concentration of co-surfactant ( ) the one-phase 
microemulsion is shifted to high concentration of surfactant (  ) and it 
remain shifted toward high concentrations, so the one-phase region 
disappears and the two-phase region appears so the mixture of L1695 + PG is 
dissolved in oil at high concentration of  . The three phase region does not 
appear at any concentration of surfactant ( ) and co-surfactant ( ).  
 
Phase Behavior of the System B: Water/ S1570/ PG/ R(+)-
limonene  
 
1-As a Function of  ,  and Temperature at   = 50 wt%.  
 
Fig. 4.12 shows the temperature-composition phase diagram of the 
system: Water/ S1570/ PG/ R (+)-limonene mixture for   (wt%) = 25%(B), 
40%(C), 50%(D), 75%(E), and 100%(F) at   = 50 wt% and   = 0%(A) as 
reference. As in the privious system we want to study the effect of 
increasing the ratio of PG/ S1570  on the solubilization of oil in water. The 
phase sequence  (Wm+O)     (W+Om) is also obseved in this system. 
As we can see by the addition of PG, the homogeneous microemulsion 
region (fish tail) becomes wider and the minimum amount of mixed 
surfactant and co-surfactant needed to form the one phase region  min of the 
sufactant mixture increases slightly (i.e  min = 25 wt% and T = 65.5˚C for   = 
0 wt% and drops to  min = 24 wt% and T = 61˚C  for   = 25 wt% and   = 40 
wt% and T = 56.5˚C and  dropes at  min = 20 wt% and T = 56˚C   for   = 50 
wt% and the same for   = 75 wt% but  T = 58˚C) compared to the pure S1570 
case.  
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 Fig. 4.12: Phase behavior of the System: Water/ S1570/ PG/ R (+)-
limonene as a function of  (wt%),   (wt%) and temperature  at 
constant  WaterOilOil   weight ratio,   = 50 (wt%). 
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Also the formation of homogeneous microemulsion will occur at low 
temperature (i.e. at   = 45 wt%, temperature at   = 0 wt % , T1 = 55˚C  while 
at   = 25 wt% , T1 = 51°C  and drops to   = 40 wt%, T1 = 47˚C and at   = 50 
wt% the T1 = 32˚C  and at   = 75 wt% the T1 = 26˚C) . 
On the other hand, high ratios of PG in the mixture S1570 + PG more 
than   = 75 wt% will result in the shrinkage and disappearance at   = 100 
wt% the homogenous microemulsion region. One important observation is 
that S1570  improve the Water/ Oil solubilization. Compered to L1695 in the 
previous system, the high content of surfactant (i.e. 55 wt%) the one phase 
region appears at lower temperatures (i.e. 30˚C) when increasing the PG 
content   (i.e. from 25 wt% to 75 wt%) in the mixed surfactnt system. 
 Increasing the surfactant content decreases the temperature at which 
the one phase appears. For high temperatures (i.e. T > 75˚C), the transion 
temperature from one phase to two phase is dependent on the surfactant 
content,  it increases when   increases. 
 
2-As a Function of  ,  and Temperature at Constant  . 
 
Fig. 4.13 shows the phase behavior of the system: Water/ S1570/ PG/ R 
(+)-limonene at fixed surfactant concentration (i.e.   = 0 wt% for   = 20 wt% 
(A) and   = 25 wt% for   = 20 wt% (B)), while varying the temperature and 
weight ratios of oil and water. We confirmed that the one phase 
microemulsion regions are bounded at high temperatures by oil-continuous 
microemulsions with excess water (W+Om), and at low temperatures by 
water continuous microemulsion with excess oil (Wm+O). 
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The mono-and multiphasic lamellar region appear at high oil concentrations 
and low temperatures. The one phase region is a water continuous at low   
values and oil continuous one at high   values this one phase 




















Fig. 4.13: Vertical section through the phase prism for the system: 
Water/ S1570/ PG/ R(+)-limonene at constant surfactant 
concentration (  ) equals 20 wt% and constant PG weight content 
in the mixture of surfactant ( ) and equals 0 wt% and 25 wt% as a 
function of temperature and  WaterOilOil   weight ratio,   
(wt%). 
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3-As a Function of  ,  and Constant Temperature at   = 50 wt%. 
 
Fig. 4.14 shows the phase behavior of the system: Water/ S1570/ PG/ R 
(+)-Limonene at   = 50 wt% as a function of   and   (wt%) at constant 
temperature T = 60˚C. By increasing  (wt%) the one phase microemulsion 
appears at low concentration of (S1570) to reach its minimum amount of the 
surfactant S1570 (  = 20 wt%) at   = 40 wt%. When we increase   more than 
40 wt% the presence of one phase microemulsion is shifted toward high 
concentrations of surfactant. With high values of   , the one phase region 
disappears and the II (W+Om) is appeared which mean that the surfactant is 
mainly dissolved in oil. For this system there is no formation of the three 












Fig. 4.14: Phase diagram for the system: Water/ S1570/ PG/ R(+)-
Limonene at constant temperature (T = 60˚C) as a function of   
and   (wt%). The  WaterOilOil   weight ratio,   = 50 (wt%). 
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Phase Behavior of the System C: Water/ EMDG/ PG/ R (+)-
Limonene 
  
1-As a Function of  ,  and Temperature at   = 50 wt%. 
 
Fig. 4.15 shows the temperature-composition phase diagram of the 
system: Water/ EMDG/ PG/ R(+)-Limonene mixture for   (wt%) = 25%(B), 
50%(C), 75%(D) and 100%(E) at   = 50 wt% and   = 0 wt% (A) as a 
reference. These figures show the effect  of increasing the ratio of  PG/ 
EMDG on the solubilization of R(+)-Limonene in water.  Adding PG as 
cosurfactant to a mixture of EMDG will increase the homogeneous 
microemulsion region and increases the  min of the surfactant, but PG 
weight ratio (i.e.   = 25 wt%) in the mixture of EMDG + PG gives a negative 
results on the homogeneous microemulsion region. This also was observed 
with high ratio of PG/ EMDG, the homogeneous one phase appears at  min = 
68 wt% and the T = 47.5˚C at   = 25 wt% while at   = 50 wt% ,  min = 35 
wt% and the T = 87.5˚C. Increasing  PG/ EMDG ratio to   = 75 wt% the 
three-phase body (fish body) is formed at low concentrations of surfactant, 
less than   = 45 wt%, the one phase region is formed at   = 45 wt% and the 
  = 92.5˚C.   
It is important to note that for high content of surfactant (i.e. 70 wt%) 
the one phase region appears at lower temperatures (i.e. 15˚C). Increasing 
the surfactant content decreases the temperature at which the one phase 
appears. For high temperatures (i.e. T > 80˚C), the transion temperature 
from one phase to two phase is dependent on the surfactant content.  
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 Fig. 4.15: Phase behavior of the System: Water/ EMDG/ PG/ R(+)-
Limonene as a function of  ,   (wt%) and temperature  at 
constant  WaterOilOil   weight ratio,   = 50 (wt%). 
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It increases when   increases, when also increasing PG weight ratio 
in mixture of EMDG + PG. 
 
2-As a Function of  ,  and Constant Temperature at   = 50 wt%. 
 
 Fig. 4.16 shows the phase behavior of the system: Water/ EMDG/ PG/ 
R (+)-limonene at   = 50 wt% as a function of   and   (wt%) at constant 
temperature T = 52˚C. The one-phase microemulsion region for the ternary 
system appears at high mixed surfactant and cosurfactant concentration (i.e. 
  = 52 wt%). By increasing   (i.e. PG concentration) in the system more 
than 25 wt%, the one phase microemulsion region is shifted to the direction 
of low mixed surfactant and cosurfactant concentration to reach its 















Fig. 4.16: Phase diagram for the system: Water/ L1695/ EMDG/ IPM  at 
constant temperature (T = 72.5˚C) as a function of   and   (wt%). 
The  WaterOilOil   weight ratio,   = 50 (wt%). 
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Increasing PG content (i.e. more than 50 wt %) in the system, the one 
phase microemulsion region is shifted slightly toward high mixed 
surfactant and cosurfactant concentration. At very high PG concentration 
more than   = 87.5 wt% the surfactant becomes too oil soluble and an 
aqueous phase separates out and the II (W+Om) is present. 
 
Phase Behavior of the System D: Water/ L1695/ PG/ IPM 
 
1-As a Function of  ,   and Temperature at   = 50 wt%. 
 
Fig. 4.17 shows the temperature-composition phase diagram of the 
system: Water/ L1695/ PG/ IPM mixture for   (wt%) = 25%(B), 40%(C), 
50%(D), 75%(E), and 100%(F).  The system: Water/ L1695/ IPM “fish” (  = 0 
wt% (A)) is shown as a  reference. With the addition of PG, the 
homogeneous microemulsion region (fish tail) becomes smaller and the 
efficiency of the surfactant mixture is decreased (i.e   = 50 wt% and   = 
82˚C for   = 25 wt%, but at   = 40 wt%,   = 62 wt% and   = 85˚C and at   
= 50 wt%,   = 65 wt% and   = 92.5˚C) and as we can see the mean 
temperature moves upward on the temperature scale. On the other hand the 
area of the three-phase body increases with increasing  . With highly 
addition of PG (i.e. for   values bigger than 50 wt%), the homogeneous 
microemulsion region disappears and the two and three phase bodies are 
the only regions which are  formed. At   = 100 wt% two liquid separate 
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 Fig. 4.17: Phase behavior of the System: Water/ L1695/ PG/ IPM  as a 
function of  ,   (wt%) and temperature  at 
constant  WaterOilOil   weight ratio,   = 50 (wt%). 
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By comparing these results to results in the system: Water/ L1695/ IPM 
at   = 0 wt%, we can see that the minimum amount of L1695 needed to 
solubilize IPM in water is  min = 25 wt% and T = 72.5˚C which is bigger than 
those observed with the addition of PG and homogeneous microemulsion is 
the wider for all, and this happen at low temperature. 
 
2-As a Function of  ,  and Temperature at Constant  . 
 
Fig. 4.18 shows the phase behavior of the system: Water/ L1695/ PG/ 
IPM for constant surfactant concentrations (i.e.   = 0 wt% for   = 26 wt% 
(A) and   = 25 wt% for   = 31 wt% (B)), while varying the temperature and 
weight ratio of oil and water. Fig. 4.18 (A) (i.e.   = 0 wt% for  = 26 wt%) 
shows that the one phase region is shifted to the very high concentration of 
water (i.e.   ≤ 13 wt%) and this region becomes smaller than the region 
which is formed in Fig. 4.18 (B). We observed that the one phase 
microemulsion regions appears at high water content (i.e.   ≤ 21 wt%) and 
this phase is bounded at high temperature by oil continuous microemulsion 
with excess water (W+Om) and low temperature by water continuous 
microemulsion with excess oil (Wm+O). Increasing   (i.e.   > 21 wt%) the 
one phase microemulsion disappears and the two phase are dominant as we 













































































Fig. 4.18: Vertical section through the phase prism for the system: 
Water/ L1695/ PG/ IPM at constant surfactant concentration ( ) 
equals 26 wt% and 35.5 wt% and constant PG weight content in 
the mixture of surfactant ( ) and equals 0 wt% and 25 wt% as a 




3-As a Function of  ,  and Constant Temperature at   = 50 wt%. 
 
Fig. 4.19 (A and B), shows the phase behavior of the system: Water/ 
L1695/ PG/ IPM at     = 50 wt% as a function of   and   (wt%) at constant 
temperature (T = 80 and 85˚C). At 80˚C, a fish phase diagram is observed; 
L1695 is mainly dissolved in water, so the two-phase region at low    appears 
as II (Wm+O). As   is increased, the three-phase body is traversed. At 
higher values of co-surfactant ( ) there is another two-phase region, since 
the mixture L1695 + PG is mainly dissolved in oil (II (W+Om)) at 80˚C. The 
three-phase body III (W+D+O) starts at low values of     (i.e.   = 17.5 wt%) 
and at   = 27.5 wt%, as   increases, the amount of PG needed to promote 
the three-phase region also increases. When   = 51 wt% and   = 26.5 wt% 
the minimum amount of total surfactant + co-surfactant necessary to form a 
one-phase microemulsion is present in the mixture. 
At 85˚C a fish phase diagram is also observed, L1695 remains dissolved 
in the water and the same II (Wm+O)  III (W+D+O)  II (Wm+O) phase 
sequence is seen as PG content increases. However, the three-phase body 
becomes very large and shifted toward higher   (i.e.   = 20 wt%), 
indicating that more PG is present in the microemulsion. The minimum 
amount of total surfactant + co-surfactant necessary to form a one–phase 
















































































Fig. 4.19: Phase diagram for the system: Water/ L1695/ PG/ IPM at 
constant temperature (T = 80˚C (A) and 85˚C (B)) as a function of 
  and   (wt%). The  WaterOilOil   weight ratio,   = 50 (wt%). 
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Phase Behavior of the System E: Water/ S1570/ PG/ IPM.  
 
1-As a Function of  ,  and Temperature at  =50 wt%. 
 
Fig. 4.20 shows the temperature-composition phase diagrame of the 
system: Water/ S1570/ PG/ IPM mixture for   (wt%) = 25%(B), 40%(C), 
50%(D), 75%(E) and 100%(F) and   = 0%(A) as reference. With the addition 
of PG the one phase region becomes wider and the minimum amount of 
mixed surfactant needed to form the one phase region increases slightly (i.e 
 min = 42.5 wt% and T = 75˚C  for   = 0 wt% to  min = 32.5 wt% and T = 71˚C   
for   = 25 wt% and  min = 25 wt% and T = 68˚C  for   = 40 wt% while at   = 
50 wt%,  min = 17.5 wt%  and T = 67.5˚C) . 
It is important to note that for high content of surfactant (i.e. 55 wt%) 
the one phase region appears at lower temperatures (i.e. 40˚C) at low 
cosurfactant concentrations   (i.e. < 50 wt%). And surfactant content (i.e. 65 
wt%) the one phase region appears at the temperature lower temperature 
(i.e. 40˚C) at   (i.e. 75 wt%). 
 Increasing the surfactant content decreases the temperature at which 
the one phase appears. For high temperatures (i.e. T > 75˚C), the transion 
temperature from one phase to two phase is dependent on the surfactant 
content. It increases when   increases. 
From these results we can note that addition of PG less than   = 50 
wt% will give a large one phase region, and increases the propability of the 
formation of homogeneous microemulsion at low concentration of 
surafactant. The one phase at these concentarations (low concentration of 
S1570) moves downward along the temperature scale. On the other hand the  
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 Fig. 4.20: Phase behavior of the System: Water/ S1570/ PG/ IPM as a 
function of  ,   (wt%) and temperature at constant 
 WaterOilOil   weight ratio,   = 50 (wt%). 
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highly addition of PG more than   = 50 wt% will increase the 
propability of disappearance of the one phase body and the appearance of 
three phase body instead at   = 90 wt% (not shown), where the three phase 
region is formed with no formation of one phase region. At   = 100 wt% the 
system is separated into two liquid phases. We can say that the slightly 
addition of PG have a large effect on the  formation of one phase region 
compared with no addition of PG (at   = 0 wt%). 
 
2-As a Function of  ,   and Temperature at Constant  . 
 
Fig. 4.21 shows the phase behavior of the system: Water/ S1570/ PG/ 
IPM for fixed surfactant concentrations (i.e.   = 0 wt% for   = 31 wt% (A) 
and   = 25 wt% for   = 26 wt% (B)), while varying the temperature and 
weight ratios of oil and water. We can see that the one phase microemulsion 
regions are bounded at high temperatures by oil continuous 
microemulsions with excess water (W+Om) and at low temperatures by 
water continuous microemulsion with excess oil (Wm+O). With equal 
amounts of solubilized oil and water a bicontinuous microemulsion region 
appears. Fig. 4.21 (A) (i.e.   = 0 wt% for   = 31 wt%) shows that at higher 
oil contents (i.e.   ≥ 59 wt%), the one phase microemulsion appears at high 
temperature (i.e. 65˚C - 105˚C). On the other hand there is no formation of 
one phase microemulsion at   values below (i.e.   < 60 wt%) which means 
that the co-surfactant can not solubilize the oil in water at any temperature 
studied.  
The presence of mono-and multiphasic lamellar regions appears at 
high   values, as we can see in Fig. 4.21 (B). The one phase region extends 
over all of the range of    values and over a range of temperatures between  
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Fig. 4.21: Vertical section through the phase prism for the system: 
Water/ S1570/ PG/ IPM at constant surfactant concentration (  ) 
equals 31 wt% and 26 wt% and constant PG weight content in the 
mixture of surfactant ( ) and equals 0 wt% and 25 wt% as a 




























50˚C - 80˚C for low   values (water continuous microemulsion) and over 
the temperature range of 40-100˚C for high   values (oil continuous 
microemulsion).  
 
3-As a Function of  ,  and Constant Temperature at   = 50 wt%. 
 
Fig. 4.22 shows the phase behavior of the system: Water/ S1570/ PG/ 
IPM at   = 50 wt% as a function of   and   (wt%) at constant temperature 
T = 70˚C. At low concentrations of   and    the surfactant S1570 is mainly 
dissolved in water to form II (Wm+O) but with increasing the concentration 
  the one phase microemulsion appears at   = 47.5 wt%. With increasing 
the concentration of   the amount of surfactant needed to form one phase 












Fig. 4.22: Phase diagram for the system: Water/ S1570/ PG/ IPM at 
constant temperature (T = 70˚C) as a function of,   and   (wt%). 
The  WaterOilOil   weight ratio,   = 50 (wt%). 
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At high concentration of   the two phase region II (W+Om) is 
appeared at all   concentrations. The three-phase body does not form at 
any concentrations of   and   . 
 
Phase Behavior of the System F: Water/ EMDG/ PG/ IPM. 
 
1-As a Function of  ,  and Temperature at   = 50 wt%. 
 
Fig. 4.23 shows the temperature-composition phase diagram of the 
system: Water/ EMDG/ PG/ IPM  for   (wt%) =  50%(B), 75%(C) and 
100%(D) and  = 0%(A) as reference  . Adding PG to the mixture of: Water/ 
EMDG/ IPM, the amount of mixed EMDG + PG needed for the formation of 
one phase region decreases as we can see in figures at   = 50 wt% and 75 
wt%, but this is still bigger that the efficiency without PG added as we see in 
(A). The homogeneous microemulsion start to form at   = 50 wt% at  min = 
55 wt% and T = 55˚C  , and at low concentration of surfactant the one phase 
(fish tail) or the three phase (fish body) didn’t form. While at    = 75 wt%  
the one phase region start to form at  min = 35 wt% and T = 55˚C   and at   = 
55 wt% the one phase region is formed at T = 21.5˚C. In comparison with    
= 0 wt% (A) the homogeneous microemulsion region (fish tail) is formed at 
  = 26.5 wt% and   = 105˚C. Increasing the ratio of PG/ EMDG will shift the 
system toward the formation of one phase region at higher concentrations of 
surfactant compared to ternary system when PG is absent, no three phase 
region is observed with high ratios of PG/ EMDG, in opposite to the L1695 
containing system.  
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 Fig. 4.23: Phase behavior of the System: Water/ EMDG/ PG/ IPM as a 
function of  ,   (wt%) and temperature  at constant 
 WaterOilOil   weight ratio,   = 50 (wt%). 
 
2-As a Function of  ,  and Constant Temperature at   = 50 wt%. 
 
  Fig. 4.24 shows the phase behavior of the system: Water/ EMDG/ PG/ 
IPM at     = 50 wt% as a function of   and   (wt%) at constant 
temperature T = 87˚C. At 87˚C, EMDG is mainly dissolved in water to form 
II(Wm+O) at very low values of surfactant content and the one phase 
microemulsion formed at mixed surfactant concentration   = 27.5 wt%. By 
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increasing   (i.e. co-surfactant concentration (PG)) the one phase 
microemulsion region is formed at mixed surfactant and cosurfactant 
concentration more than 27.5 wt%. Increasing co-surfactant concentration 
(i.e.   (more than 75 wt%)) the mixed surfactant becomes too oil soluble 













Fig. 4.24: Phase diagram for the system: Water/ EMDG/ PG/ IPM  at 
constant temperature (T = 87˚C) as a function of   and   (wt%). 
The  WaterOilOil   weight ratio,   = 50 (wt%). 
 
Phase Behavior of the System G: Water/ L1695/ PG/ MCT.  
 
1-As a Function of  ,  and Temperature at   = 50 wt%. 
 
Fig. 4.25 shows the temperature-composition phase diagram of the 
system: Water/ L1695/ PG/ MCT for   (wt%) = 25%(B), 40%(C), 50%(D), 
90%(E) and 100%(F). The system: Water/ L1695/ MCT (fish) (  = 0 wt% (A)) is 
shown as a reference. 
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 Fig. 4.25: Phase behavior of the System: Water/ L1695/ PG/ MCT as a 
function of  ,   (wt%) and temperature at constant 
 WaterOilOil   weight ratio,   = 50 (wt%). 
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The homogeneous microemulsion region (fish tail) becomes wide and 
the efficiency of the surfactant mixture increases (i.e   = 60 wt% and   = 
91˚C for   = 25 wt% and   = 50 wt% and the   = 82.5˚C for   = 40 wt% 
and min = 45 wt% and the T = 87.5˚C for   = 50 wt%). While  high addition 
of PG  (i.e.   = 75 wt%)  no homogeneous microemulsion one phase region 
is formed. 
The three-phase body disappears with increasing the concentration 
of PG form   = 40 wt% to   = 50 wt%, and its appearance moves 
downward on the temperature scale. At high concentration of cosurfactant 
(PG) the three phase body appears another time without  formation of 
homogenous microemulsion region. 
It is important to note that for high content of surfactant (i.e. 55 wt%) 
the one phase region appears at lower temperatures (i.e. 20˚C). Increasing 
the surfactant content decreases the temperature at which the one phase 
appears. For high temperatures (i.e. T > 75˚C), the transion temperature 
from one phase to two phase is dependent on the surfactant content. It 
increases when   increases. 
 
2-As a Function of  ,  and Constant Temperature at   = 50 wt%. 
 
Fig. 4.26 shows the phase behavior of the system: Water/ L1695/ PG/ 
MCT at   = 50 wt% as a function of   and   (wt%) at constant temperature 
(T = 90˚C). At low values of ( = ratio of concentrations   number) the 
surfactant L1695 dissolved in the water II (Wm+O) and the sequence II 
(Wm+O)  III (W+D+O)  II (W+Om)    is seen as   increases. At higher 
values of   there are another two-phase region II (W+Om) since L1695 + PG is 
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mainly dissolved in the oil. As the concentration of the surfactant increased 
(i.e.   ) the amount of the co-surfactant (i.e.   ) necessary to form the three 
phase is increased. The minimum amount of surfactant   needed to form 















Fig. 4.26: Phase diagram for the system: Water/ L1695/ PG/ MCT at 
constant temperature (T = 90˚C) as a function of   and  (wt%). 







Phase Behavior of the System H: Water/  S1570/ PG/ MCT. 
  
 1-As a Function of  ,  and Temperature at   = 50 wt%. 
 
Fig. 4.27 shows the temperature-composition phase diagram of the 
system:  water/ S1570/ PG/ MCT, for   (wt%) = 25%(B), 40%(C), 50%(D) and 
100%(E) and Water/ S1570/ MCT for   = 0% (A) as a reference at   = 50 wt%. 
With the addition of PG the homogeneous microemulsion region (one phase 
region) becoms larger and at high concentration of surfactant (S1570) we got 
this region at low temperature which means that the one phase moves 
downward on the temperature scale as we can see at   = 25 wt%. 
The one phase region is formed at T = 57˚C for   = 65 wt% at   = 25 
wt%, with increasing PG concentration (i.e.   = 40 wt%) this phase is 
formed at T = 42.5˚C and   = 70 wt% and at   = 50 wt% this phase formed 
at T = 42.5˚C and   = 75 wt%.  
At low concentration of surfactant less than   = 51 wt% the three 
phase region is formed. At high ratios of PG/ S1570  more than   = 50 wt% the 
homogeneous microemulsion (one phase region) will not form over all of 
the range of concentrations of surfactant but the three phase region is still 
pesent and disapears at   = 100 wt%.  
As we can see in the Fig. 4.27 (A) at   = 0 wt%, the mean 
temperature   = 83˚C while with adding PG  the mean temperature also the 
same (i.e   = 83˚C), and the addition of  PG will not affect  the 
homogeneous microemulsion region (fish tail) because it still formed at   = 
52 wt% at all concentration of PG from   = 0 wt% to   = 50 wt%. 
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 Fig. 4.27:  Phase behavior of the System: Water/ S1570/ PG/ MCT as a 
function of  ,   (wt%) and temperature at constant 
 WaterOilOil   weight ratio,   = 50 (wt%). 
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2-As a Function of  ,  and Temperature at Constant  . 
 
 Fig. 4.28 shows the phase behavior of the system: Water/ S1570/ PG/ 
MCT for constant surfactant concentration (i.e.   = 25 wt% for   = 35.5 
wt%) with varying temperature and weight ratios of oil and water. The one 
phase microemulsion regions are bounded at higher temperature by oil 
continuous microemulsions with excess water (W+Om) and at low 
temperature by water continuous microemulsion with excess oil (Wm+O). 
On the other hand the one phase microemulsion at high water 
concentrations (i.e.   < 60 wt%) is not present at any temperature studied 
and the two phase region are formed. 
 
3-As a Function of  ,  and Constant Temperature at   = 50 wt%. 
 
Fig. 4.29 shows the phase behavior of the system: Water/ S1570/ PG/ 
MCT at    = 50 wt% as a function of   and   (wt%) at constant 
temperature T = 85˚C. At low values of    the S1570 is mainly dissolved in the 
water to form II (Wm+O). At higher values of   there is another two phase 
region II (W+Om) since the mixture S1570 + PG is mainly dissolved in the oil. 
The three–phase III(W+D+O) body starts at low values of   (i.e.   > 20 
wt%) and extends to high values of   (i.e.   = 85 wt%). As    increases the 
amount of S1570 needed to promote the three–phase body also increases, with 
the three phase body extending to a minimum   (i.e.   = 25 wt%) at    = 59 
wt%. When   = 60 wt% the minimum amount of the total surfactant 
necessary to form a one phase microemulsion is present in the mixture, 
while the concentration of the co-surfactant is   = 28 wt%. 
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Fig. 4.28: Vertical section through the phase prism for the system: 
Water/ S1570/ PG/ MCT at constant surfactant concentration (  ) 
equals 35.5 wt% and constant PG weight content in the mixture of 
surfactant ( ) and equals 25 wt% as a function of temperature 













Fig. 4.29: Phase diagram for the system: Water/ S1570/ PG/ MCT at 
constant temperature (T = 85˚C) as a function of   and   (wt%). 
The  WaterOilOil    weight ratio,   = 50 (wt%). 
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Phase Behavior of the System I:  Water/ EMDG/ PG/ MCT. 
 
1- As a Function of  ,    and Temperature at   = 50 wt%. 
 
Fig. 4.30 show the temperature-composition phase diagram of the 
system: Water/ EMDG/ PG/ MCT mixture for   (wt%) = 0%(A), 50%(B), 
75%(C), and (D)100%. With little addition of PG to the system there is no 
solubilization of oil in the water. The same behavior is observed with high 
ratios of PG/ EMDG (i.e.   = 100 wt%) as we can see in the Fig. 4.30  ( D ).  
With medium addition of PG the one phase appears and increases slightly 
at high concentrations of surfactant more than   = 55 wt% of EMDG (i.e. T1 
= 50˚C at   = 75 wt%,   = 50 wt%, T1 = 30˚C at   = 65 wt%,   = 75 wt%). 
Adding PG to the systems will shift it toward the formation of the one phase 
region. At   = 100 wt% (Fig. 4.30 D) there is no solubilization of oil in water 
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 Fig. 4.30: Phase behavior of the System: Water/ EMDG/ PG/ MCT as a 
function of  ,   (wt%) and temperature  at constant 
 WaterOilOil   weight ratio,   = 50 (wt%). 
 
2-As a Function of  ,  and Constant Temperature at   = 50 wt%. 
 
Fig. 4.31 shows the phase behavior of the system: Water/ EMDG/ PG/ 
MCT at   = 50 wt% as a function of   and   (wt%) at constant temperature 
T = 60˚C. At 60˚C, EMDG is mainly dissolved in water to form II(Wm+O) at 
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low values of surfactant content, and form one phase microemulsion at 
surfactant concentration   (i.e.   = 47.5 wt%). By increasing the co-
surfactant concentration (i.e.  ) the amount of the mixed surfactant and 
cosurfactant needed to form one phase microemulsion region is increased. 
At very high concentration of co-surfactant (i.e. PG) the mixed surfactant 
becomes too oil soluble and an aqueous phase separates out so the II 












Fig. 4.31: Phase diagram for the system: Water/ EMDG/ PG/ MCT at 
constant temperature (T = 60˚C) as a function of   and   (wt%). 







Phase Behavior of the System J: Water/ L1695/ EMDG/ R(+)-
Limonene. 
 
1- As a Function of  ,   and Temperature at   = 50 wt%. 
 
Fig. 4.32 shows the temperature-composition phase diagram of the 
system: Water/ L1695/ EMDG/ R(+)-Limonene for   (wt%) = 0%(A), 25%(B), 
50%(C), 75%(D), and 100%(E). Adding EMDG cause the homogeneous 
microemulsion region (fish tail) and the efficiency of the surfactant mixture 
to increase (i.e.   = 21 wt% for   = 25 wt% ,   = 16.5 wt% for   = 50 wt%), 
when increasing the EMDG/ L1695 ratio, a three phase body appears at low 
concentration of surfactant (L1695) the one phase region becomes wider with 
increasing the ratio of EMDG/ L1695 as we can see in the Fig. 4.32 (B and D) 
and this region moves downward in the temperature scale, but the mean 
temperature move up ward in the temperature scale (i.e.   = 85˚C for   = 
25 wt%,   = 90˚C for   = 50 wt%). When increasing the ratio of EMDG/ L1695 
more than   = 50 wt% the three phase region disappears and, the one phase 
region is the dominant at high concentrations of surfactant. The minimum 
amount of mixed L1695 + EMDG needed for the formation of one phase 
region increases as EMDG content increases. 
 It is important to note that for high content of surfactant (i.e. 55 wt%) 
the one phase region appears at lower temperatures (i.e. 20˚C). Increasing 
the surfactant content decreases the temperature at which the one phase 
appears. For high temperatures (i.e. T > 75˚C), the transion temperature 
from one phase to two phase is dependent on the surfactant content. It 
increases when   increases. 
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 Fig. 4.32: Phase behavior of the System: Water/ L1695/ EMDG/ R(+)-
Limonene as a function of  ,   (wt%) and temperature  at 
constant  WaterOilOil   weight ratio,   = 50 (wt%). 
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2-As a Function of  ,  and Temperature at Constant  . 
 
Fig. 4.33 shows the phase behavior of the system: Water/ L1695/ 
EMDG/ R (+)-Limonene for fixed surfactant concentration (i.e.   = 25 wt% 
for   = 26 wt% (A), and   = 50 wt%, for   = 31 wt% (B)), with varying the 
temperature and weight ratios of oil and water (i.e.   ) the one phase 
microemulsion appears over all of the range of   values. When   = 25 wt% 
(Fig. 4.33(A)), the one phase channel becomes less wide on the temperature 
range, and shifts upward in the temperature scale (i.e. 80˚C < T < 90˚C). 
When the   values are between 30 wt% and 70 wt%, it appears at T = 
83.5˚C. 
At low   value (i.e.   < 30 wt%) the one phase region is a water 
continuous one and at high   value (i.e.   > 70 wt%) the one phase region 
is converted to oil continuous one. For medium   values between (i.e. 30 
wt% and 70 wt%) the one phase region can be a bicontinuous one. This type 
of behavior is also observed in all later systems studied that have a one 
phase region extended over all the range of   values. In the one-phase 
regions a lamellar liquid crystal phase can exist at low temperatures. The 
range of temperatures over which this one phase channel is wide extends 







































































Fig. 4.33: Vertical section through the phase prism for the system: 
Water/ L1695/ EMDG/ R (+)-Limonene at constant surfactant 
concentration ( ) equals 26 wt% and 31 wt% and constant EMDG 
weight content in the mixture of surfactant ( ) and equals 25 wt% 
and 50 wt% as a function of temperature and  WaterOilOil   
weight ratio,   (wt%). 
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3-As a Function of  ,  and Constant Temperature at   = 50 wt%. 
 
Fig. 4.34 shows the phase behavior of the system: Water/ L1695/ 
EMDG/ R (+)-Limonene at   = 50 wt% as a function of   and   (wt%) at 
constant temperature T = 85˚C. At 85˚C, a fish phase diagram is observed 
and low concentration of co-surfactant ( ) the two-phase region appeared 
at   ≤ 28 wt% but at   > 28 wt% the one-phase microemulsion region 
appeared. By increasing the concentration of co-surfactant ( ) the three-
phase body appears at very low concentration of surfactant (i.e.   = 6 wt% 
at   = 50 wt%). Increasing   promotes the sequence II (Wm+O)   III 
(W+D+O)   II (W+Om). The (W+Om) region is formed at low   with  
increasing the concentration of surfactant + co-surfactant  . On the other 
hand, the one-phase microemulsion is shifted slightly to high concentration 











Fig. 4.34: Phase diagram for the system: Water/ L1695/ EMDG/ R(+)-
Limonene  at constant temperature (T = 85˚C) as a function of   
and   (wt%). The  WaterOilOil   weight ratio,   = 50 (wt%). 
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Phase Behavior of the System K: Water/ S1570/ EMDG/ R(+)-
limonene  
 
1-As a Function of  ,   and Temperature at   = 50 wt%. 
 
 Fig. 4.35 shows the temperature-composition phase diagram of the 
system: Water/ S1570/ EMDG/ R(+)-Limonene mixture for   (wt%) = 25%(B), 
50%(C), 75%(D) and 100%(E) at   = 50 wt%. The system: Water/ S1570/ R(+)-
Limonene “fish” (  = 0 wt%(A)) is shown as reference. With the addition of 
EMDG the homogeneous micromeulsion becomes smaller and the mean 
concentration goes to the direction of the high concentration of surfactant 
(i.e. at   = 25 wt%, the  min = 19 wt% and T = 65˚C  and at   = 50 wt% the 
 min = 30 wt% and T = 70˚C, while at   = 75 wt%,  min = 34 wt% and T = 
70˚C) the mean temperature moves up and downward on the temperature 
scale, with increasing the quantity of EMDG on the mixture as we can see in 
the figure the one phase region at high concentration of surfactant moves 
downward on the temperature scale. We can say that the addition of little 
quantity of EMDG will give a large one phase region, as we can see on the 
Figure at   = 25 wt% and this results is the best for all comparing with   = 
0 wt% and with   = 100 wt%. At   = 0 wt% the  min = 25 wt% and T = 65˚C, 





















































































































































 Fig. 4.35: Phase behavior of the System: Water/ S1570/ EMDG/ R(+)-
Limonene as a function of  ,   (wt%) and temperature  at 
constant  WaterOilOil   weight ratio,   = 50 (wt%). 
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2-As a Function of  ,  and Constant Temperature at   = 50 wt%. 
 
Fig. 4.36 shows the phase behavior of the system: Water/ S1570/ 
EMDG/ R (+)-Limonene at   = 50 wt% as a function of   and   (wt%) at 
constant temperature T = 65˚C. At values of   and   below 25 wt% a two 
phase body is observed. Increasing the values of   will shift the two phase 
body to higher values of  .  For    = 80 wt%,   = 35 wt%. A one phase 
region is observed beside the two phase region. No three phase body III 














Fig. 4.36: Phase diagram for the system: Water/ S1570/ EMDG/ R(+)-
Limonene at constant temperature (T = 65˚C) as a function of   





Phase Behavior of the System L: Water/ L1695/ EMDG/ IPM. 
 
1-As a Function of  ,  and Temperature at   = 50 wt%. 
 
Fig. 4.37 shows the temperature-composition phase diagram of the 
system: Water/ L1695/ EMDG/ IPM, mixture for   (wt%) = 25%(B), 50%(C), 
75%(D) and 100%(E).  The system: Water/ L1695/ IPM at   = 0%(A) is shown 
as reference. With the addition of EMDG the homogeneous microemulsion 
region (fish tail) becomes larger, and  moves downward in the temperature 
scale at medium concentration of surfactant (i.e form   = 30 wt% to   = 50 
wt%) as we can see in the figure at (  = 25, 50, 75 and 100 wt%) that the 
mean concentration (  ) move downward at the temperature scale (i.e at   = 
25 wt%,   = 28 wt% and   = 87.5˚C ,  = 50 wt%,   = 28 wt% and   = 
72.5˚C while at   = 75 wt%,   = 23.5 wt% and   = 72˚C ). 
It is important to note that for high content of surfactant (i.e. 50 wt%) 
the one phase region appears at lower temperatures (i.e. 20˚C) for co-
surfactant concentrations   (i.e. > 50 wt%) and for   = 0 wt% . Increasing 
the surfactant content decreases the temperature at which the one phase 
appears. For high temperatures (i.e. T > 75˚C), the transion temperature 
from one phase to two phase is dependent on the surfactant content. It 
increases when   increases. 
When adding EMDG the three phase body appears. At low 
concentration of surfactant the three phase is formed and this region is 
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 Fig. 4.37: Phase behavior of the System: Water/ L1695/ EMDG/ IPM as a 
function of  ,   (wt%) and temperature at constant 
 WaterOilOil   weight ratio,   = 50 (wt%). 
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Increasing the EMDG concentration gives a larger one phase region but 
when comparing these results with the Water/ L1695/ IPM system at    = 0 
wt%, we will see that the one phase body is the greater and  formed at very 
low temperatures at   = 0 wt%  as we can see at   = 45 wt% the 
temperature is T = 15˚C, and at   = 50 wt% the temperature is T = 14˚C, 
while the addition of the EMDG can't form one phase region at such low 
temperatures at these surfactant concentrations . 
 
2-As a Function of  ,  and Temperature at Constant  . 
 
 Fig. 4.38 shows the phase boundaries of the system: Water/ L1695/ 
EMDG/ IPM at fixed surfactant concentrations (i.e.   = 25 wt% for   = 26 wt 
%(A), and   = 50 wt% for   = 31 wt%(B)), while varying the temperature 
and weight ratios of oil and water. In Fig. 4.38 (A) we can see that the one–
phase microemulsion region are bounded at temperatures below 70˚C by an 
water continuous microemulsion with excess oil (Wm+O) and at high 
temperatures (over 85˚C) by an oil continuous microemulsion  with excess 
water (W+Om). The one phase region extends for all the range of    values.  
At low    values (i.e. 0 wt% ≤   ≤ 20 wt%), this region is wide and 
extends over the temperature range of 5 to 85˚C, the same behavior is 
observed at high   values (i.e. 70 wt% <   < 100 wt%). These one phase 
regions contain lamellar phase regions beside the fluid microemulsions. For 
   values between 20 wt% and 70 wt% the one phase region occurs at a 
narrow range of temperatures between 78˚C < T < 83˚C. The mono-and 
multiphasic lamellar regions appears at high temperature and medium 
concentration of oil-to water ratio. 
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Fig. 4.38: Vertical section through the phase prism for the system: 
Water/ L1695/ EMDG/ IPM at constant surfactant concentration 
( ) equals 26 wt% and 31 wt% and constant EMDG weight 
content in the mixture of surfactant ( ) and equals 25 wt% and 
50 wt% as a function of temperature and  WaterOilOil  weight 
ratio,   (wt%). 
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Fig. 4.38 B (i.e.   = 50 wt% for   = 31 wt%) shows that at low 
temperature the one-phase microemulsion region are bounded by water 
continuous microemulsion with excess oil (Wm+O) and at medium 
temperature by oil continuous microemulsion with excess water. While at 
equal amounts of solubilized oil and water the one-phase region are shifted 
upward in the temperature scale. The one-phase microemulsion at low and 
high weight ratios of oil and water extends over the range of temperatures 
varying from 20˚C to T  > 100˚C. These one phase regions contain also 
lamellar liquid crystal phases. 
 
3-As a Function of  ,  and Constant Temperature at   = 50 wt%. 
 
Fig. 4.39 shows the phase behavior of the system: Water/ L1695/ 
EMDG/ IPM at    = 50 wt% as a function of   and   (wt%) at constant 
temperature (T = 72.5˚C). A fish phase diagram is observed, L1695 is dissolved 
in water to form II (Wm+O) at low concentration of   and    (i.e.   = 0 
wt%,   ≤ 70 wt %) but at high concentration   > 70 wt% at   = 0 wt% the 
one-phase microemulsion appears. By increasing the concentration of co-
surfactant (i.e.  ) the one-phase microemulsion is shifted to low 
concentration  , while the three phase is appearing at low concentration of 
surfactant (i.e.   = 7.5 wt% at   = 22 wt%) the sequence  II (Wm+O)  III 
(W+D+O) II (W+Om) is observed at low concentration of surfactant by 











































Fig. 4.39: Phase diagram for the system: Water/ L1695/ EMDG/ IPM  at 
constant temperature (T = 72.5˚C) as a function of   and   (wt%). 
The   WaterOilOil   weight ratio,   = 50 (wt%). 
 
Phase Behavior of the System M: Water/ S1570/ EMDG/ IPM.  
 
1-As a Function of  ,  and Temperature at   = 50 wt%. 
 
Fig. 4.40 shows the temperature-composition phase diagram of the 
system: Water/ S1570/ EMDG/ IPM mixture for   (wt%) = 0%(A), 25%(B), 
50%(C), 75%(D) and 100%(E). The system: Water/ S1570/ IPM (  = 0 wt%) is 
shown as reference .  
As we can see, when EMDG is added the homogeneous 
microemulsion region (fish tail) becomes wider and the minimum amount 
of S1570 + EMDG needed for formation of the one phase region of the 
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surfactant mixture increases slightly (i.e.  min = 42 wt% and T =75˚C at   = 0 
wt%, and at   = 25 wt% the  min = 15 wt% and T = 67.5˚C,  while at   = 50 
wt% the  min = 5 wt% and T = 62.5˚C) so the one phase becomes larger and 
the mean temperature moves downward in the temperature scale at these 
concentrations of EMDG with no formation of the three-phase body (fish 
body). It is important to note that for high content of surfactant (i.e. 40 wt%) 
the one phase region appears at lower temperatures (i.e. 30˚C) at  
cosurfactant concentrations   (i.e. > 25 wt%). 
 Increasing the surfactant content decreases the temperature at which 
the one phase appears. For high temperatures (i.e. T > 75˚C), the transion 
temperature from one phase to two phase is dependent on the surfactant 
content. It increases when   increases. 
 Increasing the ratio of EMDG/ S1570 (i.e.   ≥ 75 wt%) the three-phase 
region (fish  body) start to from at low concentration of surfactant less than 
  = 15 wt% and this region becomes large and moves upward on the 
temperature scale and surfactant concentration which is moved upward on 
the temperature scale so at   = 75 wt%,   = 13 wt%, and   = 80˚C while at  
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Fig. 4.40: Phase behavior of the System: Water/ S1570/ EMDG/ IPM  as 
a function of  ,   (wt%) and temperature  at 
constant  WaterOilOil   weight ratio,   = 50 (wt%). 
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2-As a Function of  ,  and Temperature at Constant  . 
 
 Fig. 4.41 shows the phase behavior of the system: Water/ S1570/ 
EMDG/ IPM at constant surfactant concentration (i.e.   = 25 wt% for  = 
16.6 wt%), as function of temperature and weight ratios of oil and water (i.e. 
  ). At low oil contents one phase microemulsion appears at temperatures 
between (T = 47.5˚C and T = 67.5˚C) while at high oil contents (i.e. oil 
continuous phase) the one phase microemulsion regions are bounded at 
high (T > 70˚C) temperatures by oil continuous microemulsion with excess 
water (W+Om) and at low temperature (T < 40˚C) by water continuous 
microemulsion with excess oil. At equal amounts of solubilized oil and 
water, a bicontinuous mono-phase region can be present. The one phase 
region extends for all the range of   values. At     values below 60 wt%, 
the range of temperatures for which the phase region present is 45˚C ≤ T ≤ 
68˚C, while for high   values (i.e.   > 60 wt%) the one phase region 

















































Fig. 4.41: Vertical section through the phase prism for the system: 
Water/ S1570/ EMDG/ IPM at constant surfactant concentration ( ) 
equals 16.6 wt% and constant EMDG weight content in the 
mixture of surfactant ( ) and equals 25 wt% as a function of 
temperature and  WaterOilOil   weight ratio,  (wt%). 
 
3-As a Function of  ,  and Constant Temperature at   = 50 wt%. 
 
Fig. 4.42 (A and B) shows the phase behavior of the system: Water/ 
S1570/ EMDG/ IPM at   = 50 wt% as a function    and   (wt%) at constant 
temperature (T = 65 and 70˚C). At 65˚C (Fig. 4.42 A), S1570 is mainly dissolved 
in water to form two phase region II (Wm+O) at low    and low 
concentration of,    (i.e.   < 30 wt %). For values more than   = 30 wt% the 
one phase microemulsion region appears. With increasing   the amount of 
the mixed surfactants needed to form one phase microemulsion is decreased 
to reach it is minimum amount at    = 50 wt% (i.e.   = 11 wt %).  
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Fig. 4.42: Phase diagram for the system: Water/ S1570/ EMDG/ IPM at 
constant temperature (T = 65˚C (A) and 70˚C (B)) as a function of 
  and   (wt%). The  WaterOilOil   weight ratio,   = 50 (wt%). 
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At higher   values the stable microemulsion formed at higher 
concentration (i.e.   > 11 wt%). The three phase microemulsion is not 
formed. At 70˚C S1570  remains dissolved in the water at low concentration of 
   to form II (Wm+O). At these concentrations the one phase microemulsion 
formed at high concentration of surfactant    (i.e.   = 75 wt% at   = 0 wt%). 
With increasing    the amount of surfactant needed to form one phase 
microemulsion is decreased (i.e.    = 70 wt%,    = 20 wt%). At higher 
increase of    the amount of the surfactant needed to form one phase 
microemulsion is increased. The three phase body is not formed at any 
concentrations of    and    . 
 
Phase Behavior of the System N: Water/ L1695/ EMDG/ MCT. 
 
1-As a Function of  ,  and Temperature at   = 50 wt%. 
 
Fig. 4.43 shows the temperature-composition phase diagram of the 
system: Water/ L1695/ EMDG/ MCT mixture for   (wt%) = 25%(B), 50%(C), 
75%(D) and 100%(E).  The system: water / L1695 / MCT "fish" (  = 0 wt% (A)) 
is shown as reference. With the addition of EMDG the homogeneous 
micromeulsion region (fish tail) becomes wider and the efficiency of the 
surfactant mixture increases slightly (i.e   = 41 wt% for   = 25 wt% and 
drops to   = 36 wt% for   = 50 wt%). The temperature interval for the three-
phase body increases slightly with increasing  , and the mean temperature 
moves downward on the temperature scale (i.e. the mean temperature for   
= 25 wt% is   = 85˚C and for   = 50 wt% is   = 82.5˚C while at   = 75 wt% 
the mean temperature is   = 78˚C). 
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The one phase region increases with increasing the  EMDG / L1695 in system 
and this region moves downward in the temperature scale as shown in the 
figures. It is important to note that for high content of surfactant (i.e. 55 
wt%) the one phase region appears at lower temperatures (i.e. 25˚C). 
 Increasing the surfactant content decreases the temperature at which 
the one phase appears. For high temperatures (i.e. T > 75˚C), the transion 
temperature from one phase to two phase is dependent on the surfactant 
content. It increases when   increases. 
By doing a little comparison to the system: Water/ L1695/ MCT mixture 
at   = 0 wt% we can see that this system have a large one phase region and 
the mean concentration is   = 37.5 wt% but it's mean temperature   = 
87.5˚C which is different from the other system and this system solubilizes 
more MCT in water than the highly addition of EMDG   = 100 wt% as we 
can see the mean concentration is   = 42 wt% and the mean temperature is 
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 Fig. 4.43: Phase behavior of the System: Water/ L1695/ EMDG/ MCT as 
a function of  ,   (wt%) and temperature at constant 
 WaterOilOil   weight ratio,   = 50 (wt%). 
 109 
2-As a Function of  ,  and Temperature at Constant  . 
 
 Fig. 4.44 shows the phase boundaries of the system: Water/ L1695/ 
EMDG/ MCT for fixed surfactant concentration (i.e.   = 25 wt% for   = 31 
wt%), while varying the temperature and weight ratios of oil and water.  
At low oil contents (low   values i.e.   < 20 wt%) a one phase 
region is observed, this region extends for the range of temperatures form 
10 to 90˚C. This region contains at   < 5 wt% a lamallear liquid crystal 
phase which was identified as a very viscous transparent region. This one 
phase region is a water continuous microemulsions. The one phase region 
extends at high temperatures in a narrow range of temperature (i.e. 75˚C - 
85˚C), for values   from 20 to 55 wt%. For these values of   and 
temperature below this range a two phase region is observed (Wm+O) 
which contains a water continuous emulsion (Wm) with excess oil (O). On 
the other hand, at temperature above this range another two phase region 
(W+Om) is observed which contains an oil continuous emulsion (Om) in 
excess with water (W), when the oil content increases (i.e.   < 55 wt%) a 
new one phase region appears at a wider temperature range (i.e. 55˚C ≤ T ≤  
85˚C) which contains beside the oil continuous microemulsions a lamellar 
liquid crystal phase at temperatures near 55˚C and also at very high oil 










































Fig. 4.44: Vertical section through the phase prism for the system: 
Water/ L1695/ EMDG/ MCT at constant surfactant concentration 
( ) equals 31 wt% and constant EMDG weight content in the 
mixture of surfactant ( ) and equals 25 wt% as a function of 
temperature and  WaterOilOil   weight ratio,   (wt%). 
 
3-As a Function of  ,  and Constant Temperature at   = 50wt%. 
 
Fig. 4.45 (A and B) shows the phase behavior of the system: Water/ 
L1695/ EMDG/ MCT at   = 50 wt% as a function of   and   (wt%) at 
constant temperatures (T = 80 and 85˚C). At 80˚C a fish phase diagram is 
observed. L1695 is mainly dissolved in water at low   and low   but at   > 
45 wt% the one phase microemulsion appears. With increasing   the three-
phase body starts at low value of   (i.e.   = 12.5 wt%) and low values of    
(i.e.  = 17.5 wt %). The minimum amount of surfactant necessary to form a 
one phase microemulsion is decreased   = 38 wt% at   = 65 wt%. At 85˚C a 
fish phase diagram is observed.  
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Fig. 4.45: Phase diagram for the system: Water/ L1695/ EMDG/ MCT at 
constant temperature (T = 80˚C (A) and 85˚C (B)) as a function of 
  and   (wt%). The  WaterOilOil   weight ratio,   =50 (wt%). 
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L1695 remains dissolved in the water and the same II (Wm+O)  III 
(W+D+O)  II (W+Om) phase sequence is seen as   increases. However the 
minimum amount of surfactant necessary to form a one phase 
microemulsion is shifted to low   indicating that less EMDG is present in 
the microemulsion. With increasing the concentration of EMDG the three-
phase body III (W+D+O) appears at low concentration of surfactant (  ). But 
the amount of surfactant needed to form one phase microemulsion is 
decreased to reach its minimum amount at   = 23.5 wt%,   = 35 wt%.  
 
Phase Behavior of the System O: Water/ S1570/ EMDG/ MCT 
 
1-As a Function of  ,   and Temperature at   = 50 wt%. 
 
Fig. 4.46 shows the temperature-composition phase diagram of the 
system: Water/ S1570/ EMDG/ MCT mixture for   (wt%) = 0%(A), 25%(B), 
50%(C), 75%(D) and 100%(E) at   = 50 wt%. With the addition of EMDG 
the homogeneous microemulsion region (fish tail) becomes wider and the 
efficiency of the surfactant mixture increases (i.e.   = 51 wt% for   = 0 wt% 
to   = 22.5 wt%  for   = 25 wt%). The temperature interval of the three 
phase body increases with increasing  , and the whole three phase region 
moves upward  in temperature scale, the mean temperature moves around 
80 and 82.5 in the temperature scale (i.e.   = 82.5˚C at   = 0 wt%,   = 80˚C  
at   = 50 wt%), but the one phase region becomes wider with increasing 
EMDG/ S1570 ration from   = 0 wt% to 50 wt% and this region shifted 
downward in the temperature scale when increasing the EMDG/ S1570 ratio, 
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 Fig. 4.46: Phase behavior of the System: Water/ S1570/ EMDG/ MCT as 
a function of  ,   (wt%) and temperature  at constant 
 WaterOilOil   weight ratio,   = 50 (wt%). 
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the three phase body region becomes wider at high concentration of 
EMDG (i.e.   = 75 wt% and   = 100 wt%). At very high concentration   = 
100 wt% the one phase region is the biggest for all and it appears at low 
concentration of surfactant and move down ward in the temperature scale 
but the three phase body becomes the wider for all.  
It is important to note that for high content of surfactant (i.e. 60 wt%) 
the one phase region appears at lower temperatures (i.e. 40˚C). Increasing 
the surfactant content decreases the temperature at which the one phase 
appears. For high temperatures (i.e. T > 85˚C), the transion temperature 
from one phase to two phase is dependent on the surfactant content. It 
increases when    increases. 
 
2-As a Function of  ,  and Temperature at Constant  . 
 
 Fig. 4.47 shows the phase behavior of the system: Water/ S1570/ 
EMDG/ MCT at fixed surfactant concentrations (i.e.   = 25 wt% for   = 23.1 
wt%), while varying the temperature and weight ratios of oil and water (i.e. 
  (wt%)). In this Figure (i.e. Fig. 4.47) we can see that the one-phase 
microemulsion region is formed at high temperatures and low oil/ water 
ratio (  ≤ 10 wt%). Increasing oil-to-water ratio more than   = 10 wt% the 































3-As a Function of  ,  and Constant Temperature at   = 50 wt%. 
 
Fig. 4.48 shows the phase diagram of the system: Water/ S1570/ EMDG/ 
MCT at   = 50 wt% as a function of    and   (wt%) at T = 80˚C. The 
surfactant (S1570) mainly dissolved in water to form II (Wm+O), a fish type 
phase diagram is observed where a two phase II (Wm+O) where the 
surfactant (S1570) is mainly dissolved in water is observed at low   (i.e.   < 














Fig. 4.47: Vertical section through the phase prism for the system: 
Water/ S1570/ EMDG/ MCT at constant surfactant concentration (  ) 
equals 23.1 wt% and constant EMDG weight content in the 
mixture of surfactant ( ) and equals 25 wt% as a function of 
temperature and  WaterOilOil   weight ratio,   (wt%). 
 
 116 

























Increasing   values for the same range of   values a transition from 
two phase to three phase body III (W+D+O) is observed. The three phase 
body extends from   = 20  wt% to   = 80 wt%.   
Increasing the concentration of the surfactant EMDG (i.e. increasing 
 ) the three-phase body III (W+D+O) disappeared and the two-phase 
region II (W+Om) is formed at low concentration of surfactant S1570. On the 
other hand, there is no change on the formation of the one-phase 
microemulsion, exists also at high concentration of surfactant. For surfactant 
concentration above   = 50 wt% a one-phase body is formed which extend 














Fig. 4.48: Phase diagram for the system: Water/ S1570/ EMDG/ MCT at 
constant temperature (T = 80˚C) as a function of   and   (wt%). 




IV.1.4 Discussion of the Phase Behavior 
 
 a- Variation of amphiphile content  (  , (wt%)), ratios ( , (wt%)) and 
temperature (T) at constant weight ratio of oil in the mixture of oil and 
water (i.e.    = 50 wt%). 
 
Firstly, we explored the effect of PG weight content on the phase 
behavior of the system: Water/ Surfactant/ PG/ Oil  as a function of 
temperature and surfactant concentration, and demonstrating the role of PG 
and oil type in forming microemulsions. Secondly we studied the effect of 
increasing the hydrophobicity of the surfactant by substituting the L1695 by 
sucrose stearate (S1570) and by mixing the sucrose esters with EMDG on the 
temperature range on the three-phase body and single-phase 
microemulsion region. In the following we will discuss  the effect of these 
factors on the phase behavior. 
 
System 1: Water/ L1695/ PG/ Oil 
 
 When R(+)-limonene is used as oil phase, the presence of PG in the 
system will not induce the formation of 3φ region over all of the range of 
surfactant and PG concentrations neither over all of the range of 
temperatures studied. This abscene of a three-phase body indicats being 
beyond the tricritical point of the mixture. The concentration of L1695 needed 
for the formation of one phase region in the ternary system: Water/ L1695/ 
R(+)-limonene is lower than the concentration of mixed L1695 + PG needed. 
Increasing the ratio of PG in the mixture will increase the concentration of 
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mixed L1695 + PG needed for the formation of one phase region, and also 
affects the temperature at which this one phase begins to appear. In the case 
where IPM is used as the oil phase, the presence of PG will induce the 
formation of 3φ. Increasing the ratio of PG will decrease the efficiency of the 
surfactant and will increase the phase inversion temperature, ( )(PIT). In the 
case where MCT is used as the oil phase, increasing the ratio of PG in the 
system will increase the efficiency of the surfactant, and when the PG 
content in the mixed surfactant and PG reaches 50 wt% (i.e   = 50 wt%), no 
3φ region is observed over all the range of T and   in the system. On the 
other hand, increasing the ratio of PG will increase the phase inversion 
temperature. The ternary system: Water/ PG/ Oil show a separation into two 




















Table 4.1: Summary of the results of the system: Water/ L1695/ PG/ Oil 
at constant  WaterOilOil   weight ratio,  = 50 wt%, and 




    R(+)-limonene              IPM              MCT 





























































40 62.5 55 62 85 50 82.5 
50 No formation of 1φ 
Two solid and liquid 
phases 














75 No formation of 1φ 
 
 
90 Two solid and liquid 
phases  















































   
   






























Fig. 4.49: Phase inversion temperature  (PIT) (˚C) [A] and the mean 
concentration ( ) in wt% [B], for the system: Water/ L1695/ PG/ Oil 
at constant  WaterOilOil   weight ratio,   = 50 wt%, and 
variable   (wt%). 
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Table 4.2: Summary of the analysis of the system:  Water/ L1695/ PG/ 
Oil at constant  WaterOilOil   weight ratio,   = 50 wt%, and 
variable   (wt%),   (wt%) and T (˚C). 
 
Oil Quaternary      Ternary  
R(+)-limonene No 3φ formation  
Only 1 φ region 
Increase PG   increase  min 
 minR(+)-limonene> minIPM 
 
   R(+)-limonene >  IPM 
IPM Formation of 3φ 
Increase PG    increase   and 
increase   
MCT Formation of 3φ 
Increase PG    increase   and 
increase   
 
 
System 2: Water/ S1570/ PG/ Oil 
 
In the case where R(+)-limonene and IPM are used as the oil phase, 
the presence of PG will not induce the formation of 3φ region in the phase 
diagram. This abscene of a three-phase body indicats being beyond the 
tricritical point of the mixture. Increasing the ratio of PG in the system will 
decrease the amount of surfactant needed for the formation of one-phase 
region and will also decrease the temperature at which the one-phase region 
is formed. In the case of ternary system: Water/ S1570/ R(+)-limonene and 
Water/ S1570/ IPM, the concentration of surfactant needed for the formation 
of one-phase in the case of R (+)-limonene is lower than that needed for the 
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system containing IPM. The temprature at which the one phase is formed at 
the concentration where the one phase appears is lower in the case of the 
system containing R(+)-limonene than that containing IPM.  
When MCT is used as the oil phase, 3φ region is observed in the 
absence and presence of PG. Increasing the ratio of PG will not affect the 
efficiency of the surfactant and nor the phase inversion temperature. Tables 
4.3 and 4.4 and Fig. 4.50 summarize these results. 
 
Table 4.3: Summary of the results of the system: Water/ S1570/ PG/ Oil 
at constant  WaterOilOil   weight ratio,  = 50 wt%, and 




R(+)-limonene IPM MCT 




















































25 24 61 32.5 71 52 83 
40 24 56.5 25 68 52 83 
50 20 56 17.5 67.5 52 83 
75 20 58 60 50  





































































Fig. 4.50: Phase inversion temperature  (PIT) (˚C) [A] and the mean 
concentration ( ) in wt% [B], for the system: Water/ S1570/ PG/ Oil 
at constant  WaterOilOil   weight ratio,   = 50 wt%, and 
variable   (wt%). 
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Table 4.4: Summary of the analysis of the system: Water/ S1570/ PG/ 
Oil at constant  WaterOilOil   weight ratio,   = 50 wt%, and 
variable   (wt%),   (wt%) and T (˚C).   
Oil Quaternary Ternary 
Water/S1570/Oil  
R(+)- limonene No 3φ formation 
 Increase PG   decrease  min 
and decrease T 
1φ formation 
 min R(+)-limonene <  min IPM 
 
 R(+)-limonene<   IPM IPM No 3φ formation  
Increase PG   decrease  min 
and decrease T 
MCT 
 
Formation of 3φ 
Increase PG       and     
remain constant. 
 For   values ≥75 wt % 
 R(+)-limonene  > IPM  
 min R(+)-limonene <   min IPM 
 
System 3: Water/ EMDG/ PG/ Oil 
 
 When R(+)-limonene is used as the oil phase, the 3φ region is 
observed for high contents of PG (i.e. 75 ≤   < 100 wt%). At   values below 
this value no 3φ  region is observed. This abseane of a 3-phase body indicats 
being beyond the tricritical point of the mixture. Increasing the ratio of PG 
i.e.   = 25 wt% to   = 50 wt%, the surfactant and PG concentration needed 
for the formation of one phase region is decreased and the temperatures at 
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which the one phase region is formed at the coresponding concentration of 
surfactant and PG increases.  
In the case where IPM and MCT are used as the oil phase, no 3φ  
region is observed in the presence of PG. The concentration of the surfactant 
and PG needed for the formation of the one phase region is decreased and 
the temperature at which the one phase region is formed increased.  
The ternary systems of Water/ EMDG/ Oil , shows the presence of 
three phase region in the case of the two oils IPM and MCT. The efficiency 
( ) of the EMDG is higher in the case of IPM than that of MCT and the 
phase inversion temperature ( ) is higher in the case of IPM than of MCT. 
Tables 4.5 and 4.6 and Fig. 4.51 summarize these results. 
 
Table 4.5: Summary of the results of the system: Water/ EMDG/ PG/ 
Oil at constant  WaterOilOil   weight ratio,   = 50 wt%, and 
variable   (wt%),   (wt%) and T (˚C).  
PG      R(+)-limonene               IPM               MCT 
  
(wt%) 
















































25 68 47.5   











    








35 55 60 60 
100 Two liquid phases Two liquid phases Two liquid phases 
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Fig. 4.51: Phase inversion temperature  (PIT) (˚C) [A] and the mean 
concentration ( ) in wt% [B], for the system: Water/ EMDG/ PG/ 
Oil at constant  WaterOilOil   weight ratio,   = 50 wt%, and 
variable   (wt%). 
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Table 4.6: Summary of the analsis of the system: Water/ EMDG/ PG/ 
Oil at constant  WaterOilOil   weight ratio,   = 50 wt%, and 
variable   (wt%),   (wt%) and T (˚C).  
 
Oil Quaternary Ternary 
Water/EMDG/Oil 
R(+)-limonene No formation of 3φ only 1 φ formed 
Increase PG    decrease  min and 
increase T 
Formation of 3φ for quaternary at 
 =75wt% 
No 3φ formation 
IPM No 3φ only 1φ 
Increase PG   decrease  min and  T 
practically remains constant 
3φ formation 
MCT Increase PG   decrease  min and 
decrease T 
 
System 4: Water/ L1695/ EMDG/ Oil 
 
 In the case where R(+)-limonene is used as the oil phase, the 3φ 
region is observed for   values varying from 25 to 50 wt%. The efficiency 
( ) of the mixed surfactant systems is increased  (i.e.    decreases) when the 
EMDG content increases from   = 25 wt% to   = 50 wt%, and the phase 
inversion temperature is slightly increased. In the absence  of EMDG (i.e.   
= 0 wt%) no three phase region is observed and also in the absence of L1695 
(i.e.   = 100 wt%) no 3φ region is observed. The L1695  content needed for the 
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formation  of the one phase region for   = 0 wt% is lower than that of 
EMDG in the system where   = 100 wt%. The temperature at which the one 
phase region is formed in the ternary system containing L1695 is higher than 
that in the ternary system containing EMDG. 
Using IPM as the oil phase, the ternary system: Water/ L1695/ IPM no 
three phase region is observed. The presence of EMDG will induce the 
formation of three phase region. Increasing the ratio of EMDG in the mixed 
surfactant content will increase the efficiency (i.e. decrease   values) of the 
mixed surfactants and will decrease the phase inversion temperature ( ). 
The phase inversion temperature is higher in the ternary system: Water/ 
EMDG/ IPM than these of the quaternary system where L1695 is present.  
In the case where MCT is used as the oil phase, the three phase 
region is present for the ternary and quaternary systems. In the ternary 
systems Water/ L1695/ MCT (i.e.   = 0 wt%) and Water/ EMDG/ MCT (i.e.   
= 100 wt%) the efficiency of the surfactant  (   ) in the system containing L1695 
is higher than that containing EMDG. The phase inversion temperature ( ) 
in the system containing L1695 is higher than that containing EMDG. 
For the quaternary systems, increasing the ratio of EMDG in the 
mixed surfactants content will increase the efficiency (i.e. decrease the 
values of  ) of the mixed surfactants and will decrease the phase inversion 
temperature. EMDG is more hydrophobic surfactant than L1695 thus one 
expects to obtain higher values for the PIT in the case where L1695 is present 
than in the case where EDMG is present. Tables 4.7 and 4.8 and Fig. 4.52 
summarize the results of these systems. 
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Table 4.7: Summary of the results of the system: Water/ L1695/ EMDG/ 
Oil at constant  WaterOilOil   weight ratio,   = 50 wt%, and 
variable   (wt%),   (wt%) and T (˚C). 
  
EMDG       R(+)-limonene              IPM              MCT 
  
(wt%) 







 min or  
 (wt%) 































































50 16.5 90 28 72.5 36 82.5 
















23.5 72 37 78 







Table 4.8: Summary of the analysis of the system: Water/ L1695/ 
EMDG/ Oil at constant  WaterOilOil   weight ratio,   = 50 wt%, 
and variable   (wt%),   (wt%) and T (˚C).  
 
Oil Quaternary Ternary 
Water / Surfactant / Oil 
R(+)-limonene 3φ formation for   values 25 ≤ < 
75wt% 
Increase EMDG  increase    
decrease   
 minL1695 < minEMDG 
TL1695  > TEMDG 
IPM 3φ formation  
Increase EMDG  decrease    
decrease   
 quaternary >  ternary EMDG 
 quaternary <  ternary EMDG 
 quaternary >   ternary L1695 




3φ formation  
Increase EMDG  decrease    
decrease   
 quaternary <  ternary EMDG 
 L1695  <   EMDG 
















































































Fig. 4.52: Phase inversion temperature  (PIT) (˚C) [A] and the mean 
concentration ( ) in wt% [B], for the system: Water/ L1695/ EMDG/ 
Oil at constant  WaterOilOil   weight ratio,   = 50 wt%, and 
variable   (wt%). 
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System 5: Water/ S1570/ EMDG/ Oil 
 
 When R(+)-limonene is used as the oil phase no three phase region is 
observed for the ternary and quaternary system. This absence of a three-
phase body indicats being beyond the tricritical point of the mixture. In the 
ternary system: Water/ S1570/ R(+)-limonene (i.e.   = 0 wt%) the 
concentration of S1570 needed for the formation of the one phase region is 
lower than the concentration of EMDG needed in the system: Water/ 
EMDG/ R(+)-limonene (i.e.   = 100 wt%) while the temperature needed for 
the EMDG containing system is lower than that needed for the S1570 
containing system.  
In the quaternary system, increasing the ratio of EMDG in the mixed 
surfactants content will increase the concentration of mixed surfactants 
needed for the formation of the one phase region and will increase slightly 
the temperature at which the one phase is formed at these concentrations. 
In the case where IPM is used as the oil phase, the three phase region 
is formed for high contents of EMDG in the mixed surfactants conents (i.e. 
  ≥ 75 wt%) and for the ternary system: Water/ EMDG/ IPM (i.e.   = 100 
wt%). For the ternary system: Water/ S1570/ IPM (i.e.   = 0 wt%) no three 
phase is observed neither in the quaternary systems where   = 25 wt% and 
50 wt%. Increasing the content of EMDG from   = 25 to 50 wt% will 
decrease the concentration of mixed surfactant systems needed for the 
formation of one phase region and also decreases the temperature at which 
this one phase region is formed. 
Using MCT as the oil phase, three phase region is present for the 
ternary and quaternary systems. In the ternary system: Water/ S1570/ MCT 
the efficiency of the S1570 is lower than that needed from the EMDG in the 
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system: Water/ EMDG/ MCT. The phase inversion temperature ( ) is also 
slightly lower for S1570 containing system than for EMDG containing one. 
Increasing the ratio of EMDG in the mixed surfactant contents will decrease 
the efficiency (i.e. increase the values of  ) of the mixed surfactants and will 
decrease the phase inversion temperature ( ). Table 4.9 and 4.10 and Fig. 
4.53 summarizes the results of these systems. 
 
Table 4.9: Summary of the results of the system: Water/ S1570/ EMDG/ 
Oil at constant  WaterOilOil   weight ratio,   = 50 wt%, and 




R(+)-limonene IPM MCT 






















































25 19 65 15 67.5 22.5 82.5 
50 30 70 5 62.5 32.5 80 




















































































Fig. 4.53: Phase inversion temperature  (PIT) (˚C) [A] and the mean 
concentration ( ) in wt% [B], for the system: Water/ S1570/ EMDG/ 
Oil at constant  WaterOilOil   weight ratio,   = 50 wt%, and 
variable   (wt%). 
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Table 4.10: Summary of the analysis of the system: Water/ S1570/ 
EMDG/ Oil at constant  WaterOilOil   weight ratio,   = 50 wt%, 
and variable   (wt%),   (wt%) and T (˚C). 
  
Oil Quaternary Ternary 
R(+)-limonene No 3φ formation  
Increase EMDG  increase  min  
increase  T 
 
 minS1570 <  minEMDG  
 TS1570 > TEMDG 
IPM 3φ for  ≥ 75% 
For 1φ increase EMDG, decrease  min 
and decrease T  
For 3φ increase EMDG, increase    
and increase   
 
MCT Increase EMDG   increase   and 
decrease    
 S1570  >  EMDG 
 S1570   <  EMDG 
 
As a general conclusion, 1,2-Propandiol(PG) which is a substitute of 
methanol, ethanol and propanol dissolve mainly in the water-rich phase. 
Adding PG that is completely miscible with water increases the mutual 
solubelity between water and amphiphile. This makes Tβ rise but Tα drops, 
adding PG to the system of: Water/ amphiphile/ Oil decreases the 
hydrophobicity of the amphiphile. Increasing the concentration of PG in the 
mixture with a given oil makes   rise with nonionic amphiphile. This 
behavior was observed in the systems where the three phase body appears 
such as with the system: Water/ L1695/ PG/ Oil where the oils was IPM and 
MCT and the system: Water/ S1570/ PG/ MCT. Varying the hydrophobicity of 
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the amphiphile by changing the chain length of the hydrophobic part if the 
head part stays the same as in the case of the nonionic surfactants L1695  and 
S1570 (chain lengths 12 and 18, respectivly), makes   drop. EMDG is also a 
nonionic surfactant with an HLB = 13.5 smaller than that of L1695  (HLB = 16) 
and S1570 (HLB = 15) which means that EMDG is the most hydrophobic 
surfactant between the three surfactants studied. As we can see in the 
systems: Water/ Surfactant/ PG/ MCT,  L1695 is bigger than that of  S1570 for 
the three phase bodies formed as expected. EMDG does not show a 
formation of three phase body. The system: Water/ surfactant/ PG/ IPM also 
shows the same behavior that  L1695  >  S1570. Considering the effect of 
changing the chain length of oil or its nature if the amphiphile remains the 
same, increasing the effective carbon number of the oil will rise Tα, this 
decreases the tendency of nonionic amphiphile to leave the water-rich phase 
for the oil-rich phase as T raises, accordingly,   rises with nonionic 
amphiphiles with rising the effective chain length of oils. In the case of the 
oils used in this research R(+)-limonene, IPM and MCT. R(+)-limonene is a 
cyclic terpene with an effective chain length of 7 carbons with a molar 
volume of 162 cm3/mol, IPM is a polar straight chain oil with an effective 
carbon number of 17 and a molar volume of 270 cm3/mol, MCT is 
triglyceride branched oil forming a fork like shape with and effective carbon 
number of a bout 20 and a molar volume of 530 cm3/mol. It is suggested that 
the    in MCT containing system to be the higher and this case was 
observed in the systems: Water/ L1695/ PG/ Oil for the oils IPM and MCT and 
also in the system: Water/ S1570/ PG/ Oil for the cases where the three phase 
region was formed (see Table 4.11) . 
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EMDG increase the hydrophobicity of the mixed surfactants but the 
behavior of the system will not change in tendency as we can see in (Table 
4.12). 
 
Table 4.11: Summary of the analysis of the results of the System: 
Water/ Surfactant/ PG/ Oil at constant  WaterOilOil   weight 
ratio,   = 50 wt%, and variable   (wt%),   (wt%) and T (˚C). 
  
Water/Surfactant/PG/MCT Water/Surfactant/PG/IPM  
 L1695   >  S1570 
 
 L1695   >  S1570 
 
 
 L1695   >  S1570 
 




Table 4.12: Summary of the analysis of the results of the System: 
Water/ Surfactant/ EMDG/ Oil at constant  WaterOilOil   weight 
ratio,   = 50 wt%, and variable   (wt%),   (wt%) and T (˚C). 
  
Oil Ternary 
R(+)-limonene  minL1695 >  minS1570  
 TL1695 > TS1570 
IPM  minL1695 <   minS1570  
 TL1695 <  TS1570 
MCT  L1695  <   S1570 




 b- Variation of weight ratio of oil in the mixture of oil and water 
(i.e   (wt%)) and temperature ( T ) at constant mixed amphilphile content 
( , (wt%)), and ratios ( , (wt%)). 
 
The systems studied are presented in the following table:  
Table 4.13: System used in the study of variation of  WaterOilOil  , 
  (wt %) as function of (T (˚C)) for constant   (wt%) and (wt%). 
 
No. System   (wt%)  (wt%) Fig. 
1.  Water/L1695/PG/Oil    
a.  Water/L1695/PG/IPM 26 0 4.18.A 
b.  Water/L1695/PG/IPM 35.5 25 4.18.B 
2.  Water/S1570/PG/Oil    
a.  Water/S1570/PG/R(+)-limonene 20 0 4.13.A 
b.  Water/S1570/PG/R(+)-limonene 20 25 4.13.B 
c.  Water/S1570/PG/IPM 31 0 4.21.A 
d.  Water/S1570/PG/IPM 26 25 4.21.B 
e.  Water/S1570/PG/MCT 35.5 25 4.28 
3.  Water/L1695/EMDG/Oil    
a.  Water/L1695/EMDG/R(+)-limonene 26 25 4.33.A 
b.  Water/L1695/EMDG/R(+)-limonene 31 50 4.33.B 
c.  Water/L1695/EMDG/IPM 26 25 4.38.A 
d.  Water/L1695/EMDG/IPM 31 50 4.38.B 
e.  Water/L1695/EMDG/MCT 31 25 4.44 
4.  Water/S1570/EMDG/Oil    
a.  Water/S1570/EMDG/IPM 16.6 25 4.41 
b.  Water/S1570/EMDG/MCT 23.1 25 4.47 
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System1: Water/ L1695/ PG/ Oil 
 The system was studied only with IPM as the oil phase. For the 
ternary system: Water/ L1695/ IPM (i.e.   = 0 wt %) the surfactant content 
used was 20 wt%. A one phase region was observed for the range of 
temperatures varying from 0 to 80˚C and the range of   values varying 
from 0 (wt %) at 0˚C to 15 (wt %) at 50 to 80˚C. a two phase regions were 
formed for all of the range of T and    (wt %) values bigger than those 
mentioned above. At low temperatures a (Wm + O) two phase region is 
formed and at high T a (W + Om) two phase region is formed.  
 For the quaternary system: Water/ L1695/ PG/ IPM (i.e.    = 25 wt %), 
when increasing the surfactant content to   = 35.5 wt%, the formation of 
one phase region is observd for the range of temperature varying from 0 to 
90˚C and the range of   values varying from 0 (wt%) at 90˚C to 20 (wt%) at 
80 to 90˚C. For all the values of    (wt%) bigger than these concentrations 
the two phase region (Wm + O) and (W + Om) is formed. From these results 
we can say that the addition of PG  and incresing of the mixed surfactant 
content in the mixture will increase and shifts the one phase region upward 
along the temperature scale also shifts this region to   = 20wt%. 
 
System 2: Water/ S1570/ PG/ Oil 
 
 2. A: Water / S1570/ PG/ R (+)-limonene 
 2. B: Water/ S1570/ PG/ IPM 
 2. C: Water/ S1570/ PG/ MCT 
 In these systems we observed that a one phase region is observed at 
  = 0 wt% with the two oils R (+)-limonene and IPM while no one phase 
region is observed with MCT. 
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This one phase region is extended over all of the range of   values in 
the case of R (+)-limonene while it extends from   = 60 wt% to 100 wt% in 
the case of IPM. It is also wider in the R (+)-limonene for high   values than 
in the case of IPM. R (+)-limonene is less hydrophobic oil than IPM 
Adding PG to the ternary system: Water/ S1570/ Oil (i.e.   = 25 wt %). 
A one phase region is observed over all of the range of   values in the case 
of R (+)-limonene and IPM but for   values bigger than 55 wt% in the case 
of MCT. For low   values   < 15 wt% the range of temperature over which 
the one phase appears is the same for R (+)-limonene and IPM (i.e. 47 < T < 
77˚C). In the case of high    values > 85 wt% the range of temperature over 
which the one phase appears is slightly wider in the case of R (+)-limonene 
than IPM and MCT. Table 4.14 summarizes these results. As we mentioned 
previously adding PG will increase the mutual solubility of surfactant and 
water and will induce the formation of the one phase region as we observed 
it with the three oils. The extension of the one phase region is also related to 
the hydrophobicity of the oil which increases when one passes from R (+)-
















Table 4.14: Summary of the results of the system: water/ S1570/ PG/ 
Oil, for variable  WaterOilOil   weight ratio,   (wt %) and 
temperature (˚C). 
 
     Oil ( (wt %)) 
  = 0 wt% 
R(+)-limonene IPM MCT 
  = 20 wt%   = 31 wt%   = 31 wt% 
  < 15 wt% 47 < T < 77 No 1φ formation No 1φ formation   
15 <  < 65 wt% 60 < T < 77 No 1φ formation No 1φ formation  
  = 100 wt% 0 < T < 95 60 < T < 100 No 1φ formation 
 
     Oil ( (wt %)) 
 = 25 wt% 
R(+)-limonene IPM MCT 
  = 20 wt%   = 26 wt%   = 35.5 wt% 
  < 15 wt% 47 < T < 77 47 < T < 77 No 1φ formation  
0 <  < 50 wt% 60 < T < 77 60 < T < 80 No 1φ formation  
  = 100 wt% 20 < T < 100 30 < T < 100 30 < T < 100 
 
System3: Water/ L1695/ EMDG/ Oil 
In the case of    values = 25 wt% and for the three oils, the one phase 
region extends over all of the range of   values over the range of 
temperature R (+)-limonene gave the wider one phase region. 
 Again the chemical structure of R (+)-limonene improves itself on the 
system. In the case of    values = 50 wt%, R (+)-limonene also gave a wider 
one phase region over the scale of temperatures compared to IPM, (MCT, 




Table 4.15: Summary of the results of the system: Water/ L1695/ 
EMDG/ Oil, for variable  WaterOilOil   weight ratio,   (wt %) 
and temperature (˚C). 
 
     Oil ( (wt %)) 
  = 25 wt% 
R(+)-limonene IPM MCT 
  = 26 wt%   = 26 wt%   = 31 wt% 
0 <  < 10 17 < T < 95 5      < T < 80 5   < T < 95  
  = 50 wt% 80 < T < 95 77.5 < T < 80 80 < T < 85 
 = 100 wt% 20 < T < 110 5      < T < 80 35 < T < 85 
 
 
     Oil ( (wt %)) 
  = 50 wt% 
R(+)-limonene IPM   ------------- 
  = 31 wt%   = 31 wt%   ------------- 
0 <  < 10 wt% 18 < T < 95 18 < T < 110 -------------- 
  = 50 wt% 40 < T < 95 90 < T < 110 -------------- 
  = 100 wt% 20 < T < 110 35 < T < 110 -------------- 
 
System 4: Water/ S1570/ EMDG/ oil 
 
Table 4.16: Summary of the results of the system: water/ S1570/ EMDG/ 
Oil, for variable  WaterOilOil   weight ratio,   (wt %) and 
temperature (˚C). 
 
       Oil ( (wt %)) 
  = 25 wt% 
IPM MCT  
  = 16.6 wt%   = 23.1 wt% 
0 <  < 10 wt% 47 < T < 67 47 < T < 95 
  = 50 wt% 60 < T < 70 No 1 φ  
  = 100 wt% 40 < T < 100 No 1 φ 
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As we can see in Table 4.16, the one phase region extends over all of 
the range of    values, when IPM is used as the oil phase while in the case 
of MCT this one phase is vary small and had a triangle shape with a height 
equals 10 wt%. The behavior of MCT corresponds to it chemical structure 
and also is affected by the fact the mixed surfactant system S1570 + EMDG is 
more hydrophobic than that of L1695 + EMDG and thus is less able to 
solubilize oil in water. R (+)-limonene is not studied here but according to 
these results it is expected to behave like IPM or even to give a wider one 




















IV.1.5 Pseudoternary Phase Diagram 
 
The pseudoternary phase diagrams of the different systems studied 
are shown in the (Fig. 4.54 to 4.57). The translucent and low-viscosity area is 
presented in the phase diagrams as a microemulsion one phase area (1 φ), 
the conversion from water continuous microemulsion region to oil 
continuous region passes through a bicontinuous isotropic region. The 
remainder of the phase diagram represents the turbid region, represented as 
multiphase (Mφ) and conventional emulsions based on visual identification. 
Fig. 4.54 shows the pseudoternary phase behavior of the systems: 
Water/ L1695/ EMDG/ R (+)-Limonene (A) and Water/ L1695/ EMDG/ EtOH/ R 
(+)-Limonene (B). The weight ratio of L1695/ EMDG = 1 in the two systems 
and the weight ratio of EtOH/ R (+)-Limonene = 1 in the system (B). From 
these two figures we observes that a one phase region is extended over all of 
range of water dilution which means that the maximum water solubilization 
Wm equals 100%. In system (A) this extension is found for initial mixed 
surfactant content equals 55wt% (i.e. dilution line 55). While in system (B), 
this extension is found for initial mixed surfactant concentration equals 
30wt% (i.e. dilution line 30). The total micoemulsion area on the pseudo 
ternary phase diagram (AT) is 61.6% and 74.2% for the two systems, 
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Fig. 4.54: Phase diagrams of the systems: Water/ L1695/ EMDG/ R (+)-
Limonene (A) and Water / L1695 / EMDG / EtOH / R (+)-Limonene 
(B) at 25˚C. The weight ratio of L1695/ EMDG = 1 in the two systems 
(A), and (B), and that of R (+)-Limonene/ Ethanol = 1 in the system 
(B). The one phase region is designated by 1φ, and the multiple 
phase region is designated by Mφ.  
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Table 4.17: Summary of the results of the pseudoternary phase 
behavior of the system: Water/ L1695/ EMDG/ EtOH/ R (+)-


































A 1 0 55 100 61.6 
B 1 1 30 100 74.2 
 
Fig. 4.55 shows the pseudoternary phase behavior of the systems: 
water/ L1695/ EMDG/ R (+)-Limonene (A) and Water/ L1695/ EMDG/ R (+)-
Limonene (B). The weight ratio of L1695/ EMDG = 1/3 in the two systems and 
that of EtOH / R (+)-Limonene = 1 in system (B). In Fig. 4.55 (A) we observe 
that the maximum water solubilization (Wm) which equals 60 wt% is 
observed at initial surfactant content equals 70 wt% (i.e. dilution line 70). 
The minimum content of surfactant Sm needed for the maximum amount of 
solubilized water is 31 wt%. A separation to multiple phase region is 
observed  above this concentration of water then again a new one phase 
region highly viscous is observed at 65 wt% water content and extends to 80 
wt% water which is liquid crystal phase. Above this concentration of water 
a multiple phase region is again observed. The total one phase region (AT) 
observed in the pseudo ternary phase region is 47.2%. 
In Fig. 4.55 (B) the one phase region is extended over all of the range 
of water contents at the dilution line 40 (i.e. initial mixed surfactant content 
equals 40 wt%) as the minimum mixed surfactants initial content capable of 





















in the pseudoternary phase region is 66.1%. Table 4.18 summarizes the 





















Fig. 4.55: Phase diagrams of the systems: Water/ L1695/ EMDG/ R (+)-
Limonene (A) and Water/ L1695/ EMDG/ EtOH/ R (+)-Limonene (B) 
at 25˚C. The weight ratio of L1695/ EMDG = 1/3 in the two systems 
(A), and (B), and that of R (+)-Limonene/ Ethanol = 1 in the system 
B. The one phase region is designated by 1φ, and the multiple 
phase region is designated by Mφ.  
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Table 4.18: Summary of the results of the pseudoternary phase 
behavior of the system: Water/ L1695/ EMDG/ EtOH/ R (+)-




































A 1/3 0 70 60 47.2 31 
B 1/3 1 40 100 66.1   
 
Fig. 4.56 shows the pseudo ternary phase behavior of the systems: 
Water/ L1695/ EMDG/ IPM (A) and Water/ L1695/ EMDG/ EtOH/ IPM (B). The 
weight ratio of L1695/ EMDG = 1 in the two systems and that of EtOH/ IPM = 
1 in system (B). 
In Fig. 4.56 A we observe that the one phase region extends over all 
of the range of water contents for high initial mixed surfactant concentration 
which equals 95wt% (i.e. dilution line 95). This one phase region extends 
from oil continuous region to liquid crystal region and finally water 
continuous region. For initial mixed surfactant contents below 95 wt% (i.e. 
dilution line 95) the one phase region extends to a maximum water 
solubilization (Wm) which equals 35 wt% at the dilution line 65 (i.e. initial 
mixed surfactant concentration = 65 wt%). The total one phase region (AT) 
observed in the pseudo ternary phase diagram equals 49.2%. The minimum 
amount of surfactant required to obtain the maximum amount of 














































Fig. 4.56: Phase diagrams of the systems: Water/ L1695/ EMDG/ IPM 
(A) and Water / L1695 / EMDG / EtOH / IPM (B) at 25˚C. The weight 
ratio of L1695/ EMDG = 1 in the two systems (A), and (B), and that 
of IPM/ Ethanol = 1 in the system (B). The one phase region is 
designated by 1φ, and the multiple phase region is designated by 
Mφ.  
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In Fig. 4.56 (B), the one phase region extends over all of the range of 
water content at the dilution line 55 (i.e. initial mixed surfactant content 
=55wt %). The total one phase region (AT) observed in the pseudo ternary 
phase diagram equals 61.2%. Table 4.19 summarizes the results of these two 
figures. 
 
Table 4.19: Summary of the results of the pseudoternary phase 









































B 1 1 55 100 61.2   
 
Fig. 4.57 shows the pseudo ternary phase behavior of the systems: 
Water/ L1695/ EMDG/ IPM (A) and Water/ L1695/ EMDG/ EtOH/ IPM (B). The 
weight ratio of L1695/ EMDG = 1/3 in the two systems and that of EtOH/ IPM 
= 1 in system (B). 
 In Fig. 4.57 (A), we can see that the one phase region does not form 
from the first beginning of adding water to the mixtures of surfactants and 
oil. After the addition of about 10wt% of water on the dilution line 40 the 
one phase region forms and extends to about 35wt% water. This behavior is 
observed for all the dilution lines in the phase diagram and gave a twisted 
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Fig. 4.57: Phase diagrams of the systems: Water/ L1695/ EMDG/ IPM 
(A) and Water/ L1695/ EMDG/ EtOH/ IPM (B) at 25˚C. The weight 
ratio of L1695/ EMDG = 1/3 in the two systems (A), and (B), and 
IPM/ Ethanol = 1 in the system (B). The one phase region is 




The total area of the one phase region (AT) is 23.5% of the 
pseudoternary phase diagram. The minimum amount of surfactant needed 
to obtain the maximum amount of solubilized water, Sm =  28.2 wt%.  
In Fig. 4.57 B, the one phase region extends over all the water content 
on the dilution line 65 (i.e. initial mixed surfactant weight content = 65wt %). 
The total area of the one phase region (AT) equals 56.6%. Table 4.20 
summarizes the results of these systems. 
 
Table 4.20: summary of the results of the pseudoternary phase 




































A 1/3 0 40 10-35 23.5 28.2 
B 1/3 1 65 100 56.6   
 
In these two systems we studied the effect of changing the ratio of 
EMDG in the mixed surfactants L1695 + EMDG, and the effect of adding 
ethanol to the oleic phase. As we can see in the two systems containing R(+)-
limonene and IPM , decreasing the ratio of L1695 in the mixed surfactants L1695 
+ EMDG from 1 to 1/3 decreases the extension of the phase region (Wm) and 
decreases the total  microemulsion area. 
EMDG is more hydrophobic surfactant than L1695 with HLB = 13.5 
compared to HLB = 16 for L1695, increasing its ratio in the mixture of 
surfactants will decrease the affinity of water to the mixed surfactants and 
will affect the extension of the one phase region. 
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As we can observe, the initial surfactant concentration (dilution line) 
where we obtained a maximum water solubilization is lower in the case of 
high content of L1695 (i.e. L1695/ EMDG = 1). This behavior is also observed 
when ethanol is added to the oil phase, this behavior is explained by the fact 
that alcohol increases the flexibility of the interfacial layer which enables 
more water to be solubilized in the system. 
Changing the type of the oil from R (+)-limonene to IPM also affects 
the total one phase region and the extent of water solubilization. R (+)-
limonene is less hydrophobic oil than IPM, therefore the total area of the one 
phase region observed with R (+)-limonene is greater than that observed 


















IV.2 Microemulsion Structure 
 
 To better understand the microemulsion systems formed in the 
previous systems, we investigated the microstructure of some of these 
systems using electrical conductivity and self-diffusion NMR. 
  
IV.2.1 Electrical Conductivity 
 
 Salts are practically insoluble in the oil phase, therefore their addition 
to the mixture will not affect the solubility of mixed nonionic surfactants in 
the oil. On the other hand, solubilization of salt in the aqueous phase will 
change its chemical potential and will shift the mixture towards the three 
phase formation by changing the conditions of solubility of the mixed 
nonionic amphiphiles. 
It was also found that adding salt to the mixture decreases the area of 
the one phase region in the phase diagram (109-112) . 
Adding aqueous solution of a trace of salt (NaCl, 0.05M) to the 
mixture of mixed nonionic amphiphiles and oil will make the 
microemulsion mixture and practically the aqueous phase in it electrically 
conducting. 
When measuring the electrical conductivity ( ) of the microemulsion 
one can find a change in the   within rather a narrow interval upon varying 





Electrical Conductivity of the System:  Water/ L1695/ EMDG/ IPM  
 
The electric conductivety ( ) along the homogeneouse channel of the 
system: Water/ L1695/ EMDG/ IPM. Table 4.21, Figures( 4.58 and  4.59) show 
the points where we measured   and the values obtained as a function af   
wt% and T (˚C). As we can observe from Fig. 4.59(A) the electrical 
conductivity increases linearly with the temperature for all the   values 
measured. For    values ≥ 30 wt% the electrical conductivity was measured 
for temperature above 80˚C since the one phase region is present at these 
high temperatures. 
In Fig. 4.59 (B) we can see that    decreases from the water-rich 
region (i.e. low   values) to the oil-rich region (i.e. high   values). In the 
region close to   = 90 wt% the electrical condctivity is very sensitive to even 
slight varaiation of temperature. 
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Table 4.21: Electrical conductivity of the system: Water/ L1695/ EMDG/ 








Electrical Conductivity ( )  
(S cm-1)                                                     
69.0/ 15.5/ 15.5/ 0 0 60 4.6110-3 
62.1/ 15.5/ 15.5/ 6.9 10 70 4.2610-3 
55.17/ 15.5/ 15.5/ 13.8 20 80 4.0210-3 
48.27/ 15.5/ 15.5/ 20.7 30 90 3.7410-3 
34.5/ 15.5/ 15.5/ 34.5 50 92 2.7810-3 
20.7/ 15.5/ 15.5/ 48.27 70 93 1.6410-3 
13.8/ 15.5/ 15.5/ 55.17 80 94 7.4310-4 
6.9/ 15.5/ 15.5/ 62.1 90 95.3 1.26510-4 












Fig. 4.58: Phase diagram shown in Fig. 4.38.A. The   are the points 
where we measured the electrical conductivity in the system: 
Water/ L1695/ EMDG/ IPM, at   = 31 wt% and  = 50 wt% for 
variable   (wt%) and T (˚C). 
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Fig. 4.59: Plot of   as a function of T (˚C) (A) and as a function of 
 WaterOilOil   weight ratio,   (wt %) (B) For the system: Water/ 
L1695/ EMDG/ IPM (  = 31 wt%,   = 50 wt%) at points presented 
in Fig. 4.58. 
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Electrical Conductivity of the System: Water/ L1695/ EMDG/ R(+)-Limonene 
   
Table 4.22, Figures ( 4.60 and 4.61) show the points where   was 
measured and the values obtained as a function of   (wt%) and T(˚C ) for 
the system: Water/ L1695/ EMDG/ R(+)-limonene. Fig. 4.61 (A) shows the 
electrical conductivity behavior as a function of T for different   values. For 
  values = 0 wt%, no oil present in the system, the electrical conductivity 
increases linearly with temperature.  
For 10 ≤   ≤ 30 wt% values the electrical conductivity have a 
sigmoidal behavior as one increases temperature (i.e. it increases lineary 
with T, then decreases and again increases). 
For     ≥  50 wt% the electrical conductivity again increases linearly 
as one increases temperature. 
As we can see in the (Fig. 4.61 (B)) where   is plotted versus   with 
raising temperature,   decreases from the water-rich to the oil-rich side and 
at the region close to   = 90 wt% the electrical conductivity is very sensetive 
to slight varaiation of temperature like the case of the system: Water/ L1695/ 
EMDG/ IPM.  We also observe in Fig. 4.61 (B) a sudden change of   within 
arather narrow interval upon varying either the composition at fixed 
temperature (T), or temperature at fixed main compositin. 
By using differnt types of oil the electric conductivity   differs. From 
the Figures (4.60 and 4.61) we can find that despite the increase in electrical 
conductivity in both oils R(+)-Limonene and IPM the values of   with R(+)-
Limonene are smaller than in the case of IPM. This can be explanined by the 
chemical structure of both oils and there capability to pentrate between the 
chains of surfactants to the interface , IPM which have a linear structure as 
oil-phase will give the water the mobility and this will increase the  
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Fig. 4.60: Phase diagram shown in Fig. 4.33.B. The   are the points 
where we measured the electrical conductivity in the system: 
Water/ L1695/ EMDG/ R (+)-limonene. At   = 31 wt% and  = 50 
wt% for variable   (wt%) and T (˚C). 
 
 
conductivity, because there is enough space for water to move around the 
droplets (micelles), while R(+)-Limonene which have a cyclic structure, will 
decrease the space for water to move between the droplets (micelles) and 
this will decrease the conductivity of the system for   values between 10 
and 30 wt%. Raising the temperature the collosion probability between the 
droplets increases and the opening and reforming of droplets will increase 
the mobility of water and the electrical conductivity will again rises with 
temperature. In addition the possibility of percolation becomes larger and 
the formation of water channels will increase the electrical conductivity of 
the system. 
 160 
Table 4.22: Electrical conductivity of the system: Water/ L1695 / EMDG 
/ R(+)-limonene (  = 31 wt%,   = 50 wt%) as a function of   








Electrical ondutivity( ) 
 (S cm-1)  
69.0/ 15.5/ 15.5/ 0 0 24 2.4110-3 
62.1/ 15.5/ 15.5/ 6.9 10 25 1.7910-3 
55.17/ 15.5/ 15.5/ 13.8 20 28 1.6110-3 
48.27/ 15.5/ 15.5/ 20.7 30 30 1.5210-3 
34.5/ 15.5/ 15.5/ 34.5 50 48 1.2110-3 
20.7/ 15.5/ 15.5/ 48.27 70 60 6.0310-4 
13.8/ 15.5/ 15.5/ 55.17 80 63 2.1810-4 
6.9/ 15.5/ 15.5/ 62.1 90 68 4.710-6 









































































































































Fig. 4.61: Plot of   as a function of T (˚C) (A) and as a function of 
 WaterOilOil   weight ratio,   (wt%) (B) for the system: Water/ 
L1695/ EMDG/ R(+)-limonene (  = 31 wt% and   = 50 wt%) at the 
points indicated in (Fig. 4.60). 
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IV.2.2 Pulsed Gradient Spin-Echo (PGSE)-NMR 
 
Confinement and obstruction of molecules have a major effect on the 
molecular self-diffusion coefficients and thus can provide some direct 
insight into solution structure of organized systems. 
Studies of microemulsions using self diffusion techniques have 
demonstrated a considerable structural variability including  O/ W and W/ 
O droplet type structures (see Fig. 4.62) as well as bicontinuous structure 
depending on composition, salininty, co-solvent, co-surfactant, temperature, 
etc. (113-120) . Low and equal diffusion coefficient of the surfactant and the 
dispersed medium characterize the two extremes O/ W and W/ O. The 
solvent molecules in these extremes have a diffusion coefficient close to 
what is found in the neat liquid, reduced only by obstruction from the 
dispersed particles. High diffusion coefficients for all the constituents 
characterize the bicontinuous structures.  
 The isotropic region in which both oil and water show rapid diffusion is 
often referred to as bicontinuous microemulsion (121) , and there has been 
considerable debate about the microstructure of bicontinuous 
microemulsions. The lamellar stuctures, interconnected rods, and cubic 
liquid crystalline phases have been proposed, but now the most general 
representation of a bicontinuous microemulsion is one of zero or close to 
zero  mean curvature structures with infinite curved channels of oil and 
water. As shown in see Fig. (4.62 and 1.2), where the water on the 
hydrophilic side of the surfactant monolayer is continuously connected in 
the three dimensions and the same is true of the oil on the hydrophobic side.  
As the system paramters are changed, such as temperature for 
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microemulsions based on nonionic surfactants, the spontaneous mean 




Fig. 4.62: Effects of temperature and oil volume fraction (   or   ) 
on the surfactant monolayer spontaneous curvature and on the 
surfactant oil water phase behavior for a system containing a 
fixed surfactant concentration. At low or zero content of oil (a) at 
low water content (b). At similar water and oil contents, a 
bicontinuous structure with a surfactant monolayer separating the 
water and oil domains can be stable (6) . 
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The phase behavior of the system: Water/ L1695/ EMDG/ IPM has been 
examined and described in detail in the phase behavior section of this thesis. 
Such a two-dimensional phase diagram at constant atmospheric presure, a 
constant surfactant concentration (i.e.   ) of 26 wt% (A) and 31 wt% (B) and 
a constant weight ratio of L1695 and EMDG (i.e.  ) of 25 wt% (A) and 50 wt% 
(B) is shown in Fig. 4.63. Table 4.23 summarizes the results obtained from 
self diffusion measurments. The system exhibits an isotropic channel 
extending from the lower left to the upper right corner of the temperature 
versus  WaterOilOil   diagram shown in (Fig. 4.63). The observed 
diffusion coefficients, D, and D0 which denotes the diffusion coefficient of 
the neat component at the same temperature. Where used to determine the 























































































Fig. 4.63: Schematic phase diagram of the system: Water/ L1695/ 
EMDG/ IPM, (see Fig. 4.38 A and B), where the mixed surfactants 
content (i.e.  ) are 26 wt% in (A) and 31 wt% in (B). The EMDG 
ratio (i.e.  ) is 25 wt% in (A) and 50 wt% in (B). The cross filled 
circles   are experimental points investigated by self diffusion-
NMR  measurements.  
 166 
Table 4.23: Self-diffusion coefficients in the system Water/ L1695/ 
EMDG/ IPM as function of   (wt%) and T (K) for constant   = 31 










coefficientD 10-10 (m2/s) 
Relative diffusion 
coefficient D/D0 
EMDG water IPM Water IPM 
69/ 15.5/ 15.5/ 0 0 297.89 0.697 11.87   ---------- 0.874 ------------ 
65.55/ 15.5/ 15.5/ 3.45 5 297.89 0.697 11.27 2.057 10-3 0.83 1 10-3 
63.83/ 15.5/ 15.5/ 5.17 7.5 307.06 0.554 13.79 3.988 10-3 0.624 1.54 10-3 
62.1/ 15.5/ 15.5/ 6.9 10 314.27 0.487 14.91 6.05 10-3 0.441 1.94 10-3 
58.65/ 15.5/ 15.5/ 10.35 15 324.58 0.399 19.18 8.366 10-3 0.366 2.06 10-3 
55.17/ 15.5/ 15.5/ 13.83 20 336.92 0.315 22.95 4.86 10-2 0.326 8.72 10-3 
51.76/ 15.5/ 15.5/ 17.28 25 353.39 -------- 29.48 1.061 0.312 0.125 
48.28/ 15.5/ 15.5/ 20.72 30 365.94 -------- 34.57 2.34 0.306 0.2 
34.5/ 15.5/ 15.5/ 34.5 50 353.39 -------- 15.22 2.46 0.161 0.29 
17.28/ 15.5/ 15.5/ 51.72 75 353.39 -------- 9.92 2.845 0.105 0.335 
10.35/ 15.5/ 15.5/ 58.65 85 365.94 -------- 11.87 4.215 0.105 0.36 











Fig. 4.64 shows the relative self-diffusion coefficients of oil and water 
in the system: Water/ L1695/ EMDG/ IPM in the points presented in the (Fig. 
4.63). We can see the strong temperature and composition dependence of 
the diffusion coefficients of both water and oil. The full lines are drawn 
through approximate mean values of D/ D0, with respect to temperature , at 
each composition point. D/ D0 for water decreases from a value of a bout 
0.87 to approximatly 0.1, while D/ D0 for oil increases from 110-3 to 0.6 
when the weight fraction of oil is increased. The surfactant diffusion can 
also be monitored, and the values obtained can help in structure 
elucidations. 
The very large variations in Dwater  and Doil  on varying the weight 
fraction of oil is striking. Evidently, there is a smooth transition from O/ W 
structure at low oil to water ratio to W/ O at high ratio, while at 
approximatly equal amounts of oil to water, there is rapid diffusion (D/ D0 
of around 0.3) of both components, indicating a structural arrangement 
where neither component is confined into closed domains.  
Fig. 4.65, Tables 4.23 and 4.24 show the relative self-diffusion 
coefficients of Dwater / D0water as a function of temperature and the oil content 
in the microemulsion samples of the system: Water/ L1695/ EMDG/ IPM at 
different mixed surfactants contents (i.e.   = 26 and 31 wt%) and at different 
ratios of surfactants (i.e.   = 25 and 50 wt%). Fig. 4.63 shows these points in 
the phase diagram. In Fig. 4.65 we observe that the  Dwater / D0water values are 
decreases as   increase and are higher in the case where the surfactants 
content is    = 26 wt% than in the case where   = 31 wt%. in these two cases 
EMDG ratio was changed from   = 50 wt% to  = 25 wt%. L1695 is more 
hydrophilic than EMDG, one expects that increasing the content of L1695 as in 
the case of   = 25 wt% will increase the attachment of water to the mixed 
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surfactants in the microemulsion and the   DW / D0W in the case of   = 25 

















Fig. 4.64: Relative diffusion coefficients, D/D0, for the system: Water/ 
L1695/ EMDG/ IPM as a function of the weight fraction of 
 WaterOilOil  , ( ) for    = 31 wt% and   = 50 wt%, where (○)-


















1.0    = 31 wt%,  = 50 wt%




















Fig. 4.65: Relative diffusion coefficients, DW/ DW0, for the system: 
Water/ L1695/ EMDG/ IPM as a function of the weight fraction of 
 WaterOilOil  , ( )  for different surfactant and co-surfactant 
concentrations,  (○)   = 31 wt% ,   = 50 wt%, and (•)   = 26 wt% , 
  = 25 wt%. 
 
This is not the case in our system. This behavior indicates that the 
concentration of surfactant ( ) in the system is the dominant factor that 
determines the values of DW/ D0w . 
Fig. 4.66, Tables 4.23 and 4.24 show the relative self diffusion 
coefficient of D0/ D00 as a function of temperature and the oil content in the 
microemulsion sample in the system: Water/ L1695/ EMDG/ IPM at different 
mixed surfactant contents (i.e.   = 26 and 31 wt%) and different ratios of 
surfactant (i.e.    = 25 and 50 wt%). Fig. 4.63 (  = 31 wt%,   = 50 wt%) and 
Fig. 4.63 (  = 26 wt%,   = 25 wt%). In this Figure we observe that D0/ D00  
values increases as   increase.  
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When   = 31 wt% and  = 50 wt% the oil is more confined in the core 
of the microemulsion than that in the case of   = 26 wt% and  = 25 wt%. 
This is manifested in the higher values of D0/ D00   in the case of   = 31 wt% 
than that of   = 26 wt%.  
From these two Fig. (4.65 and 4.66) one can conclude that the mixed 
surfactants content in the microemulsion system may have the dominant 
role in determining the microstructure of the microemulsions. 
The hydrophilicity of the mixed surfactants affects also the diffusivity 
of both oil and water but can not have the major role in determining the 
microstucture compared with the mixed surfactant content. 
 
Table 4.24: Self-diffusion coefficients in the system Water/ L1695/ 
EMDG/ IPM as function of   (wt%) and T (K) for constant   = 26 










coefficient D  10-10 (m2/s) 
Relative diffusion 
coefficient D/D0 
EMDG Water IPM Water IPM 
69/ 15.5/ 15.5/ 0 0 297.89 1.11 13.15   --------- 0.968 1.3 10-3 
63.83/ 15.5/ 15.5/ 5.17 7.5 307.06 0.880 15.47 5.9 10-3 0.7 2.28 10-3 
62.1/ 15.5/ 15.5/ 6.9 10 314.27 0.7774 16.49 13.69 10-3 0.488 4.39 10-3 
58.65/ 15.5/ 15.5/ 10.35 15 324.58 0.634 22.06 16.29 10-2 0.421 4.01 10-2 

















   = 31wt%,   = 50wt%














Fig. 4.66: Relative diffusion coefficients, DO/ DO0, for the system: 
Water/ L1695/ EMDG/ IPM as a function of the weight fraction of 
 WaterOilOil  , ( )  for different surfactant and co-surfactant 
concentrations,  (○)   = 31 wt% ,   = 50 wt%, and (•)   = 26 wt% , 
  = 25 wt%. 
 
 
For self diffusion spheres in a continuous phase a modified Stokes-
Einstein equation may be used to calculate the hydrodynamic radius HR of 
the micelles in the water-rich region (i.e.   values below 15 wt%)  







                                                                                        (7) 
where k (J/K) is the Boltzman constant, T (K) is the absolute temperature,   
(Pa.s) is the viscosity of the medium (i.e. water), and bsD0 (m
2/s) is the EMDG 
self diffusion coefficient. 
The bsD0  of the EMDG were used since the EMDG is the one that 
have higher volume between the two mixed surfactants used L1695 and 
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EMDG. For the system with   = 31 wt% and   = 50 wt% the values of 
hydrodynamic radius for the water rich region (i.e.   < 20 wt%) are 
presented in Table 4.25 and Fig. 4.67 , and those of the system with   = 26 
wt% and   = 25 wt% are presented in Table 4.26 and shown in Fig. 4.68. 
 
Table 4.25: Hydrodynamic radius of the system: Water/ L1695/ EMDG/ 
IPM as function of   (wt%) for (  = 31 wt%,   = 50 wt%). 
 
Composition (wt%) 






65.55/ 15.5/ 15.5/ 3.45 5 3.6 
63.83/ 15.5/ 15.5/ 5.17 7.5 5.6 
62.1/ 15.5/ 15.5/ 6.9 10 7.3 
58.65/ 15.5/ 15.5/ 10.35 15 10.8 



















Fig. 4.67: Hydrodynamic radius for the system: Water/ L1695/ EMDG/ 
IPM as function of  WaterOilOil   weight ratio,   (wt%) for (  
= 31 wt%,   = 50 wt%).  
 
Table 4.26: Hydrodynamic radius of the system: Water/ L1695/ EMDG/ 
IPM as function of   (wt%) for (  = 26 wt%,   = 25 wt%). 
 
Composition (wt%) 





R  (nm) 
65.55/ 15.5/ 15.5/ 3.45 5 2.2 
63.83/ 15.5/ 15.5/ 5.17 7.5 3.5 
62.1/ 15.5/ 15.5/ 6.9 10 4.6 
58.65/ 15.5/ 15.5/ 10.35 15 6.8 


















Fig. 4.68: Hydrodynamic radius for the system: Water/ L1695 / EMDG/ 
IPM as function of  WaterOilOil   weight ratio,   (wt%) for (  
= 26 wt%,   = 25 wt%).  
 
  From Table 4.25, one can observe that for water contents ≥ 85 wt% 
(i.e.   ≤ 15 wt%) where oil-in-water (O/ W) droplets exist the 
hydrodynamic radius is below 11 nm. On the other hand, Table 4.26 shows 
that the hydrodynamic radius for   ≤ 15 wt% is below 7 nm. These 
observation demonstrate that the EMDG is the dominant surfactant in 
determining the dimensions of the droplets. 
 Fig. (4.67 and 4.68), shows the increase of HR  as the oil content 
increases. One expects that increasing oil content will increase D of the 
surfactant but because of the formation of the droplet and the swelling 
 175 
mechanism the volume of droplets become larger and the surfactants 
diffusion become slower, therefore the obsD  of EMDG decreases as the HR  
increases. 
 Assuming spherical aggregates with no oil penetration into the 
mixed surfactants film, the area per polar head group (a ) can be estimated 
from the HR  and the ratio of the volume fraction of oil to the volume 
fraction of EMDG (φ0 / φs) is determined by the relation (122) 







0 )                                                                          (8) 
 where sv  is the EMDG molecular volume which equals 1200 
3A .  
 For water content equals 90 wt% (i.e.   = 10 wt%) the obtained value 
of a  is 75 
2A  for the system with   = 31 wt% and   = 50 wt% and 88 
2A  
for the system with   = 26 wt% and   = 25 wt%. This indicats that 
increasing the quantity of EMDG in the system makes it more packed. 
 It should be noticed that in the analysis above the effect of L1695 on 
swollen O/ W micelle size is not taken in consideration. Since it is assumed 















Solubilization of pharmaceutical active ingradients and transdermal 
drug delivery of active substance to the target organ at relevant level is one 
of the successful methods used in pharmaceutical formulations (123) . 
Microemulsions were suggested during the last decades as an oral vehicle 
for cutaneous relase of drugs for both hydrophilic and hydrophobic drugs. 
Compounds which are able to form nontoxic microemulsions and solubilize 
high quantity of the drug are the most suitable for application in 
pharmaceutical formulations. 
Solubilization and deposition of the drug in the microemulsion 
depend on the microstructure of these microemulsions (124) . Microemulsions 
show high potential of incorporation of large fraction of lipophilic and 
hydrophilic phases and therefor have favorable solvent properties (125,126) . 
The water-miscible surfactant molecules contain both a hydrophobic 
and hydrophilic portion can solubilize many poorly water-soluble drugs. 
When the surfactant monomer concentration reaches the critical micelle 
concentration the surfactants can self-assemble to form micelles. So the 
surfactant can solubilize drug molecules by either a direct co-solvent effect 
or by up take into micelles (127) . The addition of the co-solvent (ethanol) to 
the oil phase turned the oil phase into better solvent and allowed significant 
solubilization of the surfactant into the oil with the formation of inverse 
micelles. The co-solvent is necessary to increase the hydrophilicity of the 
surfactants. However due to its amphiphilic character it will redistribute 
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also as a co-surfactant and not just as a co-solvent (i.e. it has the ability to 
participate in the self-assembly with the surfactant) (128) . 
 Oil-in-water (O/ W) microemulsion have been prepared using certain 
nonionic surfactants (129) , adding short chain alcohols (such as ethanol) to 
some of our systems will induce the formation of both W/ O and O/ W 
microemulsions (129) . The phase behavior of our systems was characterized 
by a single continuous microemulsion region starting from pseudo-binary 
solution (micellar system containing surfactant and oil phase) and 
proceeding to the microemulsion water corner, which means that there is no 
phase separation will occur and the structural changes occurring in the 
isotropic phase develop continuously.  
In our research work, we studied the solubilization of sodium 
diclofenac which is used as analgesic, anti-inflammatory, anti-rhumatic or 
anti-pyretic,  in our microemulsion systems. 
 
The systems used in this study are summarized in the following: 
 (1) Water/ L1695 + EMDG (1/1)/ R(+)-limonene, (Fig 4.53) 
 (2) Water/ L1695/ EMDG (1/1)/ R(+)-limonene + EtoH (1/1), (Fig. 4.54) 
 (3) Water/ L1695/ EMDG (1/1)/ IPM, (Fig. 4.55)  
 (4) Water / L1695/ EMDG (1/1)/  IPM + EtoH (1/1), (Fig. 4.56). 
on the dilution line D 60:40.   
The objective of this study is to explore the ability of our 
microemulsions systems, to solubilze diclofenac sodium, and to study the 
effect of co-solvent (i.e. ethanol) and other components on the solubilization 
capacity of the diclofenac sodium. 
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IV.3.2 Results and discussion 
 
 In the Table 4.27 we present the solubility of sodium diclofenac in 
each component of the microemulsion systems at 25˚C. 
 
Table 4.27: Diclofenac sodium solubility at 25˚C in the different 
microemulsion components. 
 
Medium Diclofenac sodium solubility (ppm) 
R(+)-limonene SC < 120 
IPM SC < 120 
Ethanol 6340 < SC < 6530 
Water 2206 < SC < 2279 
R(+)-limonene / Ethanol 5350 < SC < 5480 
IPM / Ethanol 4520 < SC < 4660 
 
 Dilution a micellar solutions consisting of R(+)-limonene (A), R(+)-
limonene + EtOH (B), IPM (C), IPM + EtOH (D) as the oil phase and sucrose 
ester (L1695), and etoxylated mono diglyceride (EMDG) as the surfactant with 
an a queues phase (water), caused gradual microstructure transitions (124) . 
The solubilization capacity (SC) of diclofenac sodium along the dilution 
lines, where the weight ratio for  R(+)-limonene/ L1695/ EMDG (A) is 2:1.5:1.5, 
R(+)-limonene/ EtoH/ EMDG/ L1695 (B) is 1:1:1.5:1.5, IPM/ L1695/ EMDG (C) is 
2:1.5:1.5 and  IPM/ EtoH/ L1695/ EMDG (D) is 1:1:1.5:1.5, (see Tables (4.28 - 
4.31) and Fig. (4.69-4.72)  
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Table 4.28: Solubilization capacity (SC) of diclofenac sodium in the 
system: Water/ L1695 + EMDG (1/1)/ R(+)-limonene, along the 















0/ 30/ 30/ 40 100 >115450 
10/ 27/ 27/ 36 78 <110350 
20/ 24/ 24/ 32 61.5 >133480 
40/ 18/ 18/ 24 37.5 <125960 















Fig. 4.69 : Solubilization capacity (SC) curve of Diclofenac sodium 
along the dilution line D 60:40 at 25˚C, in the system: Water/ L1695 
+ EMDG (1/1)/ R(+)-limonene. 
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Table 4.29: Solubilization capacity (SC) of diclofenac sodium in the 
system: Water/ L1695 + EMDG (1/1)/ R(+)-limonene + EtOH (1/1), 














0/ 30/ 30/ 20/ 20 100 >163830 
20/ 24/ 24/ 16/ 16 44 >152760 






















Fig. 4.70 : Solubilization capacity (SC) curve of Diclofenac sodium 
along the dilution line D 60:40 at 25˚C, in the system: Water/ L1695 































Table 4.30: Solubilization capacity (SC) of diclofenac sodium in the 
system: Water/ L1695 + EMDG(1/1)/ IPM, along the dilution line D 











0/ 30/ 30/ 40 100 <142122 
10/ 27/ 27/ 36 78.3 <142765 
20/ 24/ 24/ 32 61.5 <156650 




















Fig. 4.71 : Solubilization capacity (SC) curve of Diclofenac sodium 
along the dilution line D 60:40 at 25˚C, in the system: Water/ L1695 






























Table 4.31: Solubilization capacity (SC) of diclofenac sodium in the 
system: Water/ L1695 + EMDG (1/1)/ IPM + EtOH (1/1), along the 











0/ 30/ 30/ 20/ 20 100 >164910 
20/ 24/ 24/ 16/ 16 44 >167550 
40/ 18/ 18/ 12/ 12 23 >177440 













Fig. 4.72 : Solubilization capacity (SC) curve of Diclofenac sodium 
along the dilution line D 60:40 at 25˚C, in the system: Water/ L1695 
+ EMDG (1/1)/ IPM + EtOH (1/1). 
 
 183 
We can see in these tabels and figures, that the solubilization capacity 
of sodium diclofenac in the microemulsion system is largely higher than 
that in each component alone (see Table 4.27). 
The solubilization capacity curves in (Fig. 4.69), can be divided into 
three regions which indicate the microstructure transition along the dilution 
line. The first region indicates the formation of W/ O microstructure. The 
second region indicates the transition from W/ O microstructure to a 
bicontinuous microemulsion to an O/ W microstructure occurs.  
In the first region (78 <   < 100), the solubilization capacity 
decreases. The decrease in the solubilization capacity can be attributed to 
the decrease in the interfacial area as the micelle swell. 
In the second region (37.5 <   < 78), the solubilization capacity 
increases and reaches a maximum at   = 61.5 wt% where in accordance 
with self-diffusion NMR results, the system has a bicontinuous 
microstructure which have the higher interfacial area and the higher 
flexbility . 
In the third region (  < 37.5) the solubilization capacity is decreased. 
These results indicates that the interface O/ W is not favorable for the 
solubilization of sodium diclofenac. 
In the system: Water/ L1695/ EMDG/ R(+)-limonene + EtOH(1/1), the 
values of the solubilization capacity are higher than those obtained in the 
absence of ethanol.  
A similar behavior was observed in the solubilization capacity curve, 
which is divided also to three regions . The maximum solubilization 
capacity is obtained at   value equals 23 wt%. If we suppose that ethanol is 
in the oil phase the   value for maximum solubilization capacity is at   = 
37.5 wt%. From this curve one concludes, that the bicontinuous region on 
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the dilution line is wider than in the case of the system: Water/ L1695/ EMDG/ 
R(+)-limonene. 
In the case of the system: Water/ L1695/ EMDG/ IPM, two main regions 
are observed in the solubilization capacity curve. The first region where the 
microstructure is W/ O, the solubilization capacity increases until it reachs a 
maximum at   value = 61.5 wt% which indicates the presence of 
bicontinuous structure. The second region where the microstructure is O/ W 
and the solubilization capacity decreases, which also indicates that the O/ W 
microstructure is not favorable for the solubilization of sodium diclofenac. 
In the system: Water/ L1695/ EMDG/ IPM + EtOH (1/1), the values of 
the solubilization capacity are higher than those obtained in the absence of 
ethanol. A two regions are also observed in the solubilization capacity 
curve. For the W/ O microstructure the solubilization capacity increases 
until it reachs a maximum at the bicontinuous region then it decreases in the 
O/ W microemulsion region. 
It is observed also in this case that ethanol extends the bicontinuous 
region cause of the increase of interfacial flexbility and interfacial area. 
It is also important to note that the values of the solubilization 
capacity obtained in the case where IPM is present as the oil phase , are 
higher than those obtained in the case where R(+)-limonene is present. This 
is refered to the fact that the interfacial area in the microemulsion containing 
































V. General Conclusions:  
 
This research work investigated the following subjects in the domain of 
mixed surfactants systems: 
1. Study of the phase behavior and exploring the factors affecting it. 
2. Elucidation of the microstructure of the mixed surfactants systems. 
3. Revelation of the possibility of solubilization of pharmaceutical active 
ingredients in the microemulsions formed using these mixed 
surfactants. 
 
In the following we redraw the general conclusions varied from these 
subjects: 
 
1. Study of the phase behavior: 
 
a. Variation of    ,  (wt %) and T at constant   = 50 wt% in 
the system: Water/ Surfactant / PG/ Oil. 
 
 In the case where the three phase region was formed increasing PG 
content (i.e.    Values) increases the   and   . The  MCT bigger than  IPM 
and the  MCT is also bigger than   IPM. For the three surfactants used which 
mean that the effective carbon of the oil which is the highest with MCT 
between the three oils, is the dominant factor determining the phase 
behavior. R(+)-limonene which is the less hydrophobic one does not form 
three phase in the majority of the cases studied indicating that the systems 
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studied are beyond the tricritical point of the system and no three phase can 
be formed. 
 The type of the surfactant also affects the behavior where  L1695 > 
 S1570 >  EMDG,  L1695 >  S1570 >  EMDG corresponding to the fact that L1695 is 
most hydrophilic one. With HLB = 16, while HLB of S1570 = 15 and that of 
EMDG = 13.5.  
 In the case when the one phase was formed beside the two phase and 
no three phase was observed (i.e. the case of R (+)-limonene) the minimum 
amount of surfactant and co-surfactant needed for the formation of 1 phase 
region  minS1570 <  minL1695 <  minEMDG which means that S1570 is a solubilization 
improver. 
a.2 In the system: Water/ Sucrose Ester/ EMDG/ Oil 
 
The three-phase region is observe for the three oils and in this case 
 R(+)-limonene < IPM  <   MCT  and   IPM <  R(+)-limonene <  MCT ,this indicates that 
the type of surfactant mixture affect the phase behavior beside the type of 
oil and a microstructural effects such as the type of droplets formed and the 
presence of channels interfere beside the chemical structure.  
 In the case where MCT was used as the oil phase  L1695 <  S1570 and 
 L1695 >  S1570 which is also in accordance with the fact that L1695 is more 
hydrophilic than S1570. 
 In the case of the formation of one phase beside two phase also S1570 





b. Variation of   (wt %) and T at constant   and    (wt %). 
 
 A one phase region channel was extended from low values of   to 
high values in the systems: Water/ S1570 / PG/ Oil and in the system: Water/ 
L1695/ EMDG/ Oil. The width of the one phase region on the temperature 
scale depends on the nature of oil and its effective carbon number. 
 
c. Pseuoternary phase behavior at constant T. 
 
In these two systems we studied the effect of changing the ratio of 
EMDG in the mixed surfactants L1695 + EMDG, and the effect of adding 
ethanol to the oleic phase. As we can see in the two systems containing R(+)-
limonene and IPM , decreasing the ratio of L1695 in the mixed surfactants L1695 
+ EMDG from 1 to 1/3 decreases the extension of the phase region (Wm) and 
decreases the total  microemulsion area. 
EMDG is more hydrophobic surfactant than L1695 with HLB = 13.5 
compared to HLB = 16 for L1695, increasing its ratio in the mixture of 
surfactants will decrease the affinity of water to the mixed surfactants and 
will affect the extension of the one phase region. 
As we can observe, the initial surfactant concentration (dilution line) 
where we obtained a maximum water solubilization is lower in the case of 
high content of L1695 (i.e. L1695/ EMDG = 1/3). This behavior is also observed 
when ethanol is added to the oil phase, this behavior is explained by the fact 
that alcohol increases the flexibility of the interfacial layer which enables 
more water to be solubilized in the system. 
Changing the type of the oil from R (+)-limonene to IPM also affects 
the total one phase region and the extent of water solubilization. R (+)-
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limonene is less hydrophobic oil than IPM, therefore the total area of the one 
phase region observed with R (+)-limonene is greater than that observed 
with the IPM. 
 
2. Elucidation of the microstructure of the mixed surfactant 
systems.  
 
a. By electrical conductivity. 
 
 By using differnt types of oil the electric conductivity ( ) differs. 
From the Figures (Fig. 4.59 and Fig. 4.60) we find that despite the increase in 
electrical conductivity in both oils R(+)-Limonene and IPM the values of   
with R(+)-Limonene are smaller than in the case of IPM. This can be 
explanined by the chemical structure of both oils and there capability to 
pentrate between the chains of surfactants to the interface , IPM which have 
a linear structure as oil-phase will give the water the mobility and this will 
increase the conductivity, because there is enough space for water to move 
around the droplets (micelles), while R(+)-Limonene which have a cyclic 
structure, will decrease the space for water to move between the droplets 
(micelles) and this will decrease the conductivity of the system for   values 
between 10 and 30 wt%. Raising the temperature the collosion probability 
between the droplets increases and the opening and reforming of dropts 
will increase the mobility of water and the electrical conductivity will again 
rises with temperature. In addition the possibility of percolation becomes 
larger and the formation of water channels will increase the electrical 
conductivity of the system. 
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b. By self-diffusion NMR. 
 
The very large variations in Dwater and Doil on varying the weight 
fraction of oil are striking. Evidently, there is a smooth transition from O/ W 
structure at low oil to water ratio to W/ O at high ratio, while at 
approximately equal amounts of oil to water, there is rapid diffusion (D/D0 
of around 0.3) of both components, indicating a structural arrangement 
where neither component is confined into closed domains.  
This is not the case in our system. This behavior indicates that the 
concentration of surfactant ( ) in the system is the dominant factor that 
determines the values of DW/ D0w. 
From these two Fig. (4.64 and 4.65) one can conclude that the mixed 
surfactants content in the microemulsion system may have the dominant 
role in determining the microstructure of the microemulsions. 
The hydrophilicity of the mixed surfactants affects also the diffusivity 
of both oil and water but can not have the major role in determining the 
microstructure compared with the mixed surfactant content. 
 From Table 4.25, one can observe that for water contents ≥ 85 wt% 
(i.e.   ≤ 15 wt %) where oil-in-water (O/ W) droplets exist the 
hydrodynamic radius is below 11 nm. On the other hand, Table 4.26 shows 
that the hydrodynamic radius for   ≤ 15 wt% is below 7 nm. These 
observation demonstrate that the EMDG is the dominant surfactant in 
determining the dimensions of the droplets. 
 Fig. (4.66 and 4.67), shows the increase of HR  as the oil content 
increases. One expects that increasing oil content will increase D of the 
surfactant but because of the formation of the droplet and the swelling 
mechanism the volume of droplets become larger and the surfactants 
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diffusion become slower, therefore the obsD  of EMDG decreases as the HR  
increases. 
Assuming spherical aggregates with no penetration of oil into the 
mixed surfactant film, the estimation of the area per polar head group 
indicates that increasing the quantity of EMDG in the system makes it more 
packed. 
 
3. Revelation of the possibilities of solubilization of 
pharmaceutical ingredients 
  
As we have seen in the self-diffusion NMR results, at   = 61.5 wt% the 
system has the bicontinuous microstructure which is the one capable to 
solubilize the maximum amount of solubilizate. A cause of its high 
flexibility and its high interfacial area. 
Adding ethanol will increase the flexibility of the interface and its area , 
and will permet to obtain a maximum solubilization capacity at   values 
lower than those observed in the case where ethanol was absent. For all the 
system studied, those containing ethanol, permet higher solubilization 
capacity.  
It is also important to note that the values of the solubilization capacity 
obtained in the case where IPM is present as the oil phase , are higher than 
those obtained in the case where R (+)-limonene is present. This is refered to 
the fact that the interfacial area in the microemulsion containing IPM is 
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